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ABSTRACT 
This thesis is concerned with measurement and cross-cultural comparison of 
body size, body composition and body perception. 
The prevalence of obesity varies considerably between countries when 
compared using a common international standard developed largely in Caucasians. And 
yet there is increasing evidence of ethnic differences in body composition. Differences 
are also evident in perceived acceptable body size over time, with westemisation, and 
across cultures. While obesity is defined by western culture as a disease, large body 
size may equate wi~ health, happiness and success in other cultural groups. 
An instrument for the cross-cultural examination of body perception was 
developed, validated, and found potentially reliable for use with different cultural 
groups. When body size perceptions and preferences were investigated in a sample of 
obese and normal weight Australians, women overestimated their body size regardless 
of their size and preferred to be smaller than did men, despite the same recommended 
healthy ranges. 
Perceptions of Cook Island Maori differed from those of age and sex matched 
Australians, the Maori preferring larger body sizes. Australian preferences did not 
differ with age, but younger Maori women preferred similar body sizes to Australians. 
Significant differences between the ethnic groups in resistance and reactance, measured 
by bioelectrical impedance, suggested differences in body composition. 
Differences in body perception and composition were explored further in three 
ethnic samples differing in body size and traditional body size preferences. Tongans 
had significantly higher tat free mass and lower percent body tat than Australians, 
while the converse was true for Singaporean Chinese. Culturally preferred body sizes 
for females and males of 21 - 22 kg/m2 and 24 kg/m2 in the Australians, 25 kg/m2 and 
29 kg/m2 in the Tongans, and 20 kg/m2 and 26 kg/ne in the Chinese were found. 
In the light of these findings, the appropriateness of standard definitions of 
obesity was questioned, and different healthy weight ranges were proposed for those 
of different body types in multicultural populations such as found in Australia. 
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B. DEFINITIONS 
Throughout the thesis, the following terms will be used frequently. Definitions 
are included here for easy reference. 
WHO classification of healthy weight, overweight and obesity: 
Underweight < 18.5 
Normal range 18.5- <25.0 
Overweight: 2:25 
Pre-obese 25.0- <30.0 
Obese 2:30.0 
Some anthropometric terms: 
Biiliac just bel~w at the waist, commonly referred to as the breadth at the hip 
bones 
Bitrochanteric the widest point of the gluteal region or the buttocks 
Skinfolds measurements using four sites ofDumin and Wormersley (biceps, 
triceps, subscapular,supraitiac) 
Body perception terms: 
Perceived body size BMI of image selected as own body size 
Preferred body size BMI of image selected as preferred own body size 
Healthy female body size BMI of image selected as most healthy for a woman 
Attractive female body size BMI of image selected as most attactive for a woman 
Healthy male body size BMI of image selected as most healthy for a man 
Attractive male body size BMI of image selected as most attactive for a man 
xxiii 
Body composition terms: 
Body size size and bulk of the body. 
Body composition the various components which make up the body eg muscle, 
fat, water and bone. Considered in depth in Chapter 5. 
Body fat the fat componetlt of the body. 
Ethnic classifications 
Asians 
Asian American 
those of mongoloid or oriental origin; does not include South 
Asians from the Indian subcontinent F•~~totte 
those of oriental Asian origin 
Australian Caucasian Australians ofEuropean origin 
Aftican American also sometimes referred to as black Americans 
Caucasian American also sometimes referred to as white Americans 
Mexican American Americans of Mexican or South American origin 
Native American original inhabitants ofNorth America 
Polynesians Cook Island Maori, Hawaiians, New Zealand Maori, Samoans, 
Tahitians, and Tongans F..-. 
Ethnicity 
Culture 
defined on page 33 
defined on page 34 
Throughout this thesis measured, perceived and preferred BMI values are stated in 
kg/m2• Where values approximate a BMI value, this value will be stated without the 
inclusion of a standard error. 
Footnote Coon CS. The living races of man. Alfred A Knopf: New York. 1965. 
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CHAPTERl 
SETTING THE CONTEXT 
1.1 INTRODUCTION 
Human bodies come in a wide variety of shapes and sizes, and can be studied in 
a multitude of ways. This thesis is concerned with measurement of body size, body 
composition and body percei>tion. It will consider how body size is measured and how 
it is judged to be acceptable or not acceptable. Human body size is, on average, 
growing larger, and the focus will be on the acceptability of body size at the large end 
-
of the spectrum. Large bodies are often considered to be too .filt, and '~tness" appears 
to enter into a judgement as to whether a body is beyond the acceptability of 
"largeness". But given the diversity in shape and size of the human body, are all bodies 
of an equivalent size equally tat? Is it appropriate to use the same criteria for all human 
body sizes and shapes? If not, what evidence is there that body composition differs, 
and can this be used as a basis for recommendations for more population-specific 
references? In addition, the thesis is concerned with the acceptability ofbody size from 
a cultural point of view. Do different groups prefer difierent body sizes from each 
o~er? Or has the effect of globalisation reached even to body size preferences? Do 
preferences reflect actual size? 
Ethnic variation in obesity will be investigated, both as a physiologically 
defined concept and as a culturally perceived notion. In this chapter obesity will be 
defined, following a brief introduction on genetic and environmental influences on the 
variety in shape and size of the human body. There will be a discussion on body mass 
index (BMI = weight divided by height squared, or ''Quetelet index") as an index for 
measuring body size and composition. In its recent report on obesity, the WHO (World 
Health Organisation) acknowledged that a range of .factors affect the ostenstbly simple 
,.. 
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and straightforward relationship between BMI and risk of co-morbidity1, and some of 
the available evidence for variability in BMI with age, gender and ethnicity will be 
presented. Epidemiological evidence for the relationship between obesity and health 
risk in Caucasians, Polynesians and Asians will be briefly summarised, as these ethnic 
groups will be under investigation in later chapters. Despite recognition of an 
internationally defined level of obesity as a risk to health, agreement on a uniform body 
size as a culturally acceptable concept does not necessarily follow. Acceptable body 
size has exhibited variation with time, with ethnicity and with socioeconomic status. 
Evidence for variability in cultural perceptions of acceptable body size will be outlined. 
Finally, the purpose, aims and a summary of the rest of the thesis will be outlined. 
1.1.1 Human body size: the result of genetic predetermination and 
environmental inftuences 
To some extent the diversity of homo sapiens resulted from an adaptation of 
the human form to particular geographical contexts through a complex interaction 
between genes and environment. Thus those living in cold climates tended to be bulkier 
and have shorter extremities2, as stocky bodies with muscles extending over the limbs 
provided more efficient heat retention and insulation against the cold3• A musculature 
located close to the trunk and longer, slimmer limbs were better suited to hot 
climates3'4• Although the shorter limbs and large muscle mass of the tropical-dwelling 
Polynesians appear contrary to such an interpretation of environmental-influences on 
human diversity, skeletal muscle mass rather than fat mass has been shown, through 
~thematical modelling, to provide the most appropriate adaptation to the cold and 
wet environment experienced during the long Pacific ocean voyages for which the 
Polynesians were noted5• Polynesian muscularity probably evolved as a metabolic heat 
source, and probably consists predominantly of Type llb (fast twitch) muscle used in 
shivering. Type llb muscle fibre predominates in the obese and those with glucose 
metabolism disturbances5• Whether Polynesians tend to have a genetically-determined 
preponderance of this muscle fibre type is currently being investigated5• The tendency 
to obesity which accompanies a large muscle mass is thus an indirect result of selection 
for muscle mass. It has been shown that the fat storage capacity in an;mals relates to 
2 
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body mass; the ability to store fat increasing with body size, allowing larger animals to 
survive longer in times of food shortage6• · 
Ahhough the significance of these population differences in body composition 
loses some of its impact as populations migrate, intermix, and become subjected to 
new cultural influences, other genetic-environmental interactions also affect phenotypic 
diversity. Despite the undisputed significance of genetic contro~ body size is influenced 
by environment. Although tallness is determined genetically, it is strongly affected by 
nutritional status. The experiences of early European explorers of the Pacific provide 
an example. Finding chiefs "almost without exception" to be of larger (taller and 
heavier) body size than the rest of the population, they were at first assumed to be 
from a different race. It was later concluded that the difference was due to "different 
treatment in infancy, (and) superior and regular diet"7• 
Achievement of the genetic growth potential remains theoretical8; it is not 
possible to verify at what point these limits are reached. Given an optimum 
environment, all children will achieve the same height independent of geographic 
location and genetic and ethnic background9• There is a continuing tendency for 
succeeding generations to be taller than their parents. Improvement in living conditions 
which have resulted in these inter-generational differences in height, and confirm the 
environmental benefits of improved nutritional status. When and whether this 
persistent secular trend in increasing height will end is a topic for conjecture; the 
longitudinal Oosterwolde study of Dutch children cannot attribute the trend solely to 
optimal nutritional status10• There is some speculation that the consumption of foods 
which elicit a high insulin response may stimulate insulin-like growth factors which in 
tw;n promote increased height during childhood and increased weight during 
adulthood 11. 
In conjunction with improved nutritional status there has been an increase in 
body width and depth beyond that which is genetically determined. Application of a 
simple energy balance equation explains the environmental effect. If energy intake (EI) 
is greater than energy expended (EE), weight gain will result. This may be conceived 
as a problem of excess input (EI > EE), or it may be due to insufficient output (EE < 
EI). Prentice12 concluded that the rise in levels of obesity in Britain could be attnouted 
3 . 
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to reduced physical activity rather than increased dietary fat intake, and proposed 
increasing energy output to curb the global epidemic of obesity. 
Both genes and lifestyle are also implicated in suscepti'bility to develop obesity; 
which makes the greater contribution is currently under debate. The ''thrifty genotype" 
hypothesis13 (where those with the more efficient metabolism have selectively survived 
under feast-and-famine conditions) emphasises the genetic component. This hypothesis 
has been used to explain the increase in the prevalence of obesity, type 2 diabetes and 
associated conditions in populations undergoing rapid change to a western lifestyle, 
and seems a feaSI'ble explanation, considering that many of the populations where 
obesity now prevails suffered nutritional stresses in the past14• Proposed as an 
alternative, the ''thrifty phenotype" hypothesis favours a more environmental 
explanation. Poor foetal and early infant growth, resulting from inadequate nutrition, 
impose nutritional thrift through impaired development of the pancreas resulting in 
- increased suscepti'bility to the development of type 2 diabetes and associated 
conditions in adult life15. This second hypothesis does not explain why type 2 diabetes 
is prevalent in ethnic groups with high mean birthweights, such as among 
Polynesians16• Moreover, neither are these two hypotheses incompatible14, as 
demonstrated by the co-existence of malnourished children and aduhs with a high 
prevalence of obesity, type 2 diabetes and cardiovascular disease which occurs in many 
parts of the Pacific and other populations undergoing rapid westemisation. The nature-
nurture debate will no doubt continue, with the balance favouring either one aspect or 
the other, probably because it is not a question of either one or the other but a complex 
interaction between the two. 
Human bodies also serve as strong social symbols, with size and shape 
preferences dictated by the cultural context17• Depending on cultural norms, 
muscularity can be developed, and fatness promoted or discouraged6' 17• Additional 
cultural adornments (such as items of clothing, headdresses) can enlarge a body in 
terms of both height and bulk6• These cultural aspects will be discussed further in 
Section 1.3. 
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1.2 A PHYSIOLOGICAL DEFINITION OF OBESITY 
Obesity is defined as "a condition of abnormal or excessive fat accumulation in 
adipose tissue, to the extent that health may be impaired"1• There is a secular trend for 
increasing weight and height throughout the world6'10, and an increase in the 
prevalence of obesity (defined as a BMI at or above 30 kg/m2) in both developed and 
developing countries1'12'1s-24. 
1.2.1 Indicators of body size and body composition 
Weight and height 
Weight and height are frequently used as indicators of body size. Although 
both are easy to measure, and precise and accurate at both individual and population 
levels25.26, neither is a direct indicator of any component of body composition. Body 
weight includes the combined mass of muscle, fat, water and bone, of which muscle 
and bone are highly correlated27'28• Height has been used in a somewhat arbitra.cy way 
to classify subjects. The US 1983 Build and Blood Pressure data base was divided into 
tertiles (small, medium, large) for use in recommending ideal weights, but the 
categories were not based on empirical evidence of actual body frame measurements29• 
BMI (body mass index) 
The combination of weight and height in indices to measure body composition 
developed to meet the need for a simple indicator of body fat which included some 
correction for height. BMI (kg/ m2) has became the most widely used since it is the 
most highly correlated with percent body fat of the weight-corrected-for-height 
indices, and least correlated with height, particularly for men25.3°.31• Ahhough it was 
demonstrated that weightlheight1-.s was a better indicator ofbody fat in women in some 
populations31, this index ("Benn's index") has been largely superseded for the sake of 
simplicity and preference for a single international standard. 
5 
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When anthropometric measures are used as .indicators of overweight, it is 
assumed that comparison can be made-to a "normal" or "acceptable" standard. A 
cutoff value derived from a demonstrable association with future morbidity and 
mortality is the ideal method32• In the absence of such data, cutoff values have 
frequently been chosen on an arbitrary basis, eg as percentiles of a reference 
population. Strictly speaking, such standards should only be used in the population in 
which they were developed. 
Appropriate standards are thus determined in two ways: statistically or in terms 
ofhealth outcomes. The statistical approach defines healthy body size in relation to the 
normal distnoution of weight for height for a given population. Overweight is defined 
as greater than the 85th percentile of ( 120% above) weight at a statistical norm, the 
acceptable fiilling within two .standard deviations of the population mean6,33,34• Severe 
overweight or obesity was defined as greater than the 95th percentile of(l40% above) 
the mean33• Using US data from the first National Health and Nutrition Survey 
(NHANES 1), the definition of overweight equated to BMis of27.3 kg/m2 for women 
and 27.7 kg/m2 for nien in the USA34• This approach assumed that BMI was an 
adequate way to measure adiposity, that 15% of the adult American population were 
overweight; and that the prevalence of overweight did not differ with age or gend~5• 
These cross-sectional NHANES data were representative of the population, but as the 
method relied on the weight distribution, the prevalence of overweight and obesity 
changed as the distribution changed. 
It is preferable to define healthy weight in terms of a weight·corrected-for-
height term associated with the lowest risk to health. Initially these standards were 
derived from US actuarial data, and strictly only applicable to the specific population in 
which they were formulated; ie predominantly Caucasian, better educated Americans33• 
In recent years, more longitudinal data has become available, such as the Framingham 
cohort of volunteers .from a small town near Boston, Massachusetts who were initially 
measured in the 1950s. Framingham data were used to identify level of risk, 
representing the point at which mortality rate started to climb36• Translated into 
percent body fat, this increase occurred at 25% in males and 35% in females, and these 
amounts were taken as cutpoints at which body fat became a risk to health. The value 
of these data depend on the initial collection of pertinent information to answer the 
6 
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questions being asked today, and appropriate adjustment for confounding factors (such 
as age, smoking, menopause status). An impressive survey of the weight and height of 
85% of the Norwegian population37 and one of the few longitudinal studies of 
Polyne~8 have been less useful than anticipated because no data were collected on 
smoking status. In situations where populations are undergoing rapid transition, such 
as in the Pacific and China, the data collected at baseline for a longitudinal study may 
represent a very different scenario to the current. one. 
Some inconsistencies in the results from mortality studies have been attnlmted 
to unrepresentative populations, inadequate standardisation of the weight/height 
measurement, different end points39, failure to control for biases, or failure to control 
for deaths resulting ftom existing disease in early follow-up years40, but could also be 
due to real differences between populations. Although more recent studies care.fully 
. 
controlled for some of the possjble confounders, these studies have the disadvantage of 
shorter follow-up periods. It is still possible that other as yet unrecognised significant 
factors may prove to be important confounders. 
BMI standards used in Australia, Britain and now the USA, and endorsed by 
the WH041 define the upper limit of the acceptable healthy weight range as 25 kg/m2, 
overweight from 25-30 kg/m2, with obesity beginning at 30 kg/m2 (Table 1.1). These 
standards are recommended for use both clinically42 and epidemiologically43• 
TABLE 1.1: Classification of weight 
by B:MI in adults 
Classification 
Underweight 
Normal range 
Overweight: 
pre-obese 
obese/ 
obese// 
obese III 
Source: WHO. 1998 
BMI (kgl-::i) 
< 18.5 
18.5 ~ <25.0 
~25 
25.0- <30.0 
30.0- <35 
35.0- <40.0 
>40.0 
7 
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1.2.2 Prevalence of overweight and obesity 
Global comparisons using the international criteria show large differences in the 
prevalence of overweight and obesity1'43'44• The proportion of adults in the 48 
populations participating in the World Health Organisation MONICA (MONitoring of 
trends and determinants of CArdiovascular diseases) study with a BMI 2:: 30 kglm2 
vary from about 3% to over 40%. Those whose BMI is at least 25 kg/m2 range 
between 30% and 80% in these same populations1• The reported prevalence of obesity 
in selected countries whose populations are relevant to the current study appear in 
Table 1.2. Using age-standardised BMI categories for de.fining obesity (2::30 kglm2), 
China has the smalle~ proportion of obese women and men of any of the countries 
participating in the MONICA study1'45 (Table 1.2). Data for Japan, Thailand and 
Taiwan displayed similar low proportions. On the other hand, the prevalence among 
Samoans is one of the highest in the world, with Australian data intermediate between 
that of Asians and Polynesians. 
TABLE 1.2: Prevalence of obesity (BMI 2:30 kglm2) 
in selected countries relevant to the study sample from 
the most recent reported study 
Country Ages Prevalence of obesity r-'J 
Women Men 
China 20-45 0.9 0.4 
Japan 20+ 2.6 1.8 
Taiwan (rural) 40+ 3.1 1.4 
Taiwan (urban) 40+ 5.2 2.2 
Thaillmd 19-61 3.8 3.0 
Australia 25-64 13.2 11.5 
Samoan (rural) 25-69 59.2 41.5 
Samoan (urban2 25-69 76.8 58.4 
Source: WHO. 1998 
Statements about the prevalence of obesity are based on several assumptions: 
that it is possible to measure the level of obesity; that BMI is an appropriate index with 
which to do so; and that a given level ofBMI carries the same risk across all ages, both 
genders, and all ethnicities. However, none of these assumptions is categorically true, 
and the use of the same standards for all populations raises several questions in relation 
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to BMI as an indicator of body fat; the effect of age on the relationship between BMI 
and body fat; and the application of one standard across all ethnic groups. 
1.2.3 BMI as an indicator of body fat 
Using BMI as an indicator of adiposity assumes that it represents the body's fat 
stores. But BMI represents both lean and fat mass, with skeletal mass making a smaller 
contrlbution25'46'47• BMI can be as much a measure of leanness (indicated by good 
correlations with fat free mass and limb circumferences) as of fatness, as demonstrated 
in a cross-cultural study of WHO data on 285 samples of European, African, Asian, 
Indian (South ~) and Pacific peoples26• BMI was more highly correlated with fat 
mass than with percent fat, suggesting that BMI was a better indicator of size (kg of 
fat) than the composition <rofat)26'4s-50• Furthennore, Norgan found a correlation 
between BMI and height in several of the ethnic groups he studied, particularly among 
women and Pacific men26. (One of the assumptions behind the use of BMI as an 
indicator ofbody fat is that it is not significantly correlated with height.) 
BMI has been shown to lack sensitivity (the ability to classifY the obese as 
obese)51 as a tool for categorising subjects, when assessed against percent fat 
calculated .from measurement of body density using underwater weighing50-'2 both in 
Caucasians and in samples of mixed ethnicity. BMI fhlled to identify 50-70% of the 
truly obese although its specificity was good at 92-98% (ie means of avoiding the 
classification of the non-obese as obese i 0-'2• 
1.2.4 Variation in body composition with age 
While there is no physiological reason for weight gain after full height has been 
reached in the early twenties, weight maintenance with age is the exception rather than 
the rule, and occurs on a population basis only in a few tribal, traditional living 
peoples6-'3• It has been calculated that the normal weight range should increase by 
about 1 kg/m2 for each decade of life between about 30 and 60 years of age54• 
Although a comparable increase in body size has been shown to occur in the French 
population54, the rate is much higher in most other developed countries. 
9 
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Since the proportion of .fut tends to increase with age in sedentary, urbanised 
populations26.ss, and full growth potenti81 is reached early in the third decade, weight 
gain in adulthood can be assumed to be predominantly fat54.56, even in those with stable 
weight. It has been estimated that between 25 and 65 years of age, a 70 kg man with 
stable weight will increase from about 20% to 28%fat; and a 60 kg woman from about 
30% to 36%fats7• Muscle atrophies with age leading to sarcopenia (low relative muscle 
mass) in the elderJ.I8• 
The concept of an ideal lean body weight (minus later inevitable fat gain) was 
the rationale for using 20-30 year olds as the reference population in the USA It was 
suggested at the NIH (National Institutes of Health) Conference on Obesit}f3 in the 
mid 1980s that definitions of obesity needed to be revised upwards17, and there was 
allowance made for increasing body size with age in US recommended healthy ranges 
for a time. However, recent recommendations have reinstated weight at 25 years of 
age as the ideals9'60• 
Age has been ~own to alter the relationship between body size and minimum 
mortality; lowest mortality occurs at progressively increasing body size with advancing 
age29,37,39•61•62. In addition, the depth of the U or J shaped curve (representing the 
relationship between weight and mortality) becomes more shallow with increasing 
age37, until there is more or less no relationship between the two parameters in the 
oldest age groups. 
1.2.5 Gender differences in body composition 
There is a clear gender difference in total fat content, although the percentage 
of fat defined as risk level also differs (from 35% in women, 25% in men). At the other 
end of the scale, the maintenance of body fat above a minjmallevel is more critical in 
women in order to sustain fertility. In terms offat patterning, men tend to gain fat mass 
centrally while women have a typically gynoid distn'bution (fat deposited on hips and 
thighs) at least until menopause, after which time fat gain is more central 54• 
A sex difference in risk from obesity appears to be em.erging36,37,63.()7. Although 
BMI and all cause mortality were clearly associated in men under 50 years of 
age37•61•62•64•65•67"71, the relationship was not always so strong in women61•65•67, and the 
10 
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effect of reduced mortality risk with age was particularly evident in women61• A study 
of the longitudinal effect of childhood obesity on adult mortality also found gender 
differences; a linear trend ofborderHne significance for males, and a threshold effect in 
females35• 
1.2.6 Ethnic differences in body composition 
There is growing evidence of ethnic differences in body composition suggesting 
that the application of Caucasian derived standards across all populations may be 
inappropriate. In Norgan's comparison between European, Afiican, Asian, Indian 
(South Asian) and Pacific peoples, the relationships between BMI and %fat, fat mass 
and fat free mass produced differing slopes and significantly different intercepts for the 
different ethnic groups26• The findings of several multiethnic body composition studies 
are reported in Table 1.3. While some groups have higher lean body mass than 
Caucasians, others have higher %filt. Ingher lean body mass was generally found in 
African Americans ~en compared with Caucasian Americansn-78; except in two 
studies which found no difference after controlling for age and gendet?s.ss. While no 
signific~t difference was found between Caucasians and Hispanics in one study78, both 
Hispanics and Native Americans were found to have lower fat free mass (FFM) than 
Caucasians in another76 (Table 1.3). 
Asians, on the other hand, had a higher percent. body fat (%fat) than 
Caucasians of the same body size79'80• A small study, using precise multiple tracer 
techniques, found Chinese from Beijing were lighter and had similar lean body mass 
but significantly lower total and %filt than North American Caucasians81; small 
numbers did not allow comparison between the ethnic groups at the sawe BMI. 
Although there was no difference in %fat and BMI between Northern Chinese and 
Dutch in another study82, body size differs quite considerably across China83•85, with 
those from the North being of taller and heavier build and more similar to the Dutch 
than the smaller, slighter Southern Chinese (Table 1.3). 
11 
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TABLE 1.3: Ethnic comparisons of body composition 
Study Ethnic groups Method Fmdings 
Cohn et at, 1977 African (AA) & Caucasian IVNNA.DPA AA: higher BMC, LBM 
American F (N= 1 05) 
Schutte et al, African (AA) & Caucasian uww AA: higher FFM 
1984 Americans (N= 24) 
Jiang et al, 1991 Chinese (Ch) & Caucasian TBW Ch: lighter, similar LBM, lower 
Americans (N= 22) total & %fat 
Ortiz et al, 1992 African (AA) & Caucasian DPA, TBW, AA:. higher BMC, musculo--
American F (N= 56) UWW,TBK skeletal mass 
Kleerekoper et al, African (AA) & Caucasian DXA AA:. BMC higher 
1994 American F (N= 362) 
Norgan, 1994a European, African, Asian, BMI, o/ofat by BMI & body composition: 
Indian, Pacifi~ populations UWWorTBW Different ethnic groups have 
(N= 13600M: 9100F) 
I 
differing slopes & intercepts 
Wang et al, 1994 Asian (AsA) & Caucasian DXA AsA:. higher % body fat than 
(CA) Americans (N= 687) CA at same BMI 
Conway,1995 Native, African, Asian & Accepted Caucasian healthy 
Mexican Americans, Pacific weights (defined by BMI) may 
Islanders not be applicable to other ethnic 
groups 
Gasperino et al, African & Caucasian TBKDXA AA: higher BMC, LBM 
1995 American F (N= 68) 
Gallagher et al, African & Caucasian UWW, TBW, No ethnic differences when age 
1996 Americans (N=706) DPA & gender controlled 
Barondess et al, African (AA) & Caucasian DXA AA:. higher BMC, BMD 
1997 Americans (N= 79) 
Deurenberg et al, Northern Chinese & Dutch uww Relation between %fat and BMI 
1997 (N=394) not different 
Ellis et al, 1997 African (AA), Caucasian & DXA AA:. higher BMC, LBM 
Hispanic (HA) Americans HA: higher fat & o/ofat 
(N=313F) 
Thomas et al, African (AA), Caucasian, UWW, TBK, AA:. highest FFM; 
1997a Hispanic & Native (NA) skinfolds MA: lowest FFM 
Americans (N= 139) NA: highest o/ofat; 
CA: lowest o/ofat 
Gurrici et at, Indonesians (Ind) & Dutch TBW Ind: 5% more body fat 
1998 (N=216) 
Footnotes: a) Method: IVNNA (in vivo neutron activation analysis); DPA (dual photon 
absorptiometry); UWW (underwater weighing), TBW (total body water), TBK (total body potassium), 
DXA (dual-energy X-ray absorptiometry); skinfolds (sums of3, 4, 7, 11 skinfolds). 
b) Findings: BMC (bone mineral content); LBM (lean body mass)~ FFM (fat free mass). 
c) The terms used in this table will be explained more fully in Chapter 5. 
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There is also evidence of differences in body fat distribution between ethnic 
groups (Table 1.4). A large anthropometric study of the Israeli Jewish population from 
European, African and Asian origins showed significantly different body fat 
distribution between those of different origins86• The distnoutions of triceps and 
subscapular skinfolds differed between African and Caucasian Americ~ in the 
NHANES-1 national swvey87. Computed tomography (CT) scans showed African 
American women to have significantly less visceral adipose tissue (VAT) and greater 
subcutaneous tissue (SAT) than obese Caucasian women matched for weight, BMI; 
waist and hip circumference and % fae' '88'89• Ethnic differences were even evident in 
young girls aged between 7 and I 0 years, with African American girls having less total, 
visceral and subcutaneous adipose tissue than Caucasian girls90• Asian Americans had 
thicker subcutaneous fat compared with Caucasian Americans for a given BMI at most 
sites, particularly in the upp~ body80, similar to that fmmd in Mexican Americans91• 
Despite having lower mean BMI, Vietnamese women newly arrived in Australia had a 
similar waist/hip ratio (WHR) to Australian Caucasian females92• Although 
subcutaneous and visceral fat were not evaluated separately in this study, fat patterning 
could be responsible for the differences. Variation in size and location of body fat 
amongst Native, African, Asian and Mexican Americans and Pacific Islanders, and the 
relationship between mortality and morbidity with increased energy storage and fat 
patterning of some of these groups suggests that the accepted Caucasian healthy 
weights (defined by BMI) may not be applicable to other ethnic groups89.91.93. 
1.2. 7 Health risks of obesity 
Statements about the health consequences of obesity are based on its reported 
association with morbidity and mortality from several major chronic diseases 
(cardiovascular conditions, type 2 diabetes, some cancers and gall bladder disease )1. 
Other less major complications of obesity include respiratory and musculo-skeletal 
problems1• Although an exhaustive review of the evidence for obesity as a risk to 
health was beyond the limits of this thesis, consideration of some of the available data 
on morbidity and mortality in the three ethnic groups under investigation was 
considered relevant. Stumes reviewed are summarised in Appendix 1 (Tables Al.l -
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Al.S). These summaries have been arranged chronologically under ethnic groupings; 
Caucasians, followed by Polynesians, then Asians. 
TABLE 1.4: Ethnic comparisons of body fat distribution 
Study 
Cronk & Roche, 
1982 
Malina et al, 
1983 
Zillikens& 
Conway,1990 
Kertzman et al, 
1994 
Wang et al 1994 
Conway et al, 
I995a 
Bermingham et 
at, 1996 
Y anovski et at, 
1996 
Thomas et at, 
1997b 
Ethnic groups Method 
African (AA) & Caucasian skinfolds 
(CA) Americans (N= 14118) 
Hispanic (HA) & Caucasian skinfolds 
Americans (N=l328) 
African (AA) & Caucasian TBW, skinfolds 
Americans (N= 179) 
Israelis of Europe (E), circumferences & 
African and ~ian origins skinfolds 
(N= 3549) 
Asian (AsA) & Caucasian skinfolds 
(CA)Anrericans(N=68n 
African (AA) & Caucasian UWW, TBW, BIA, 
Americans (N= 20) cr 
Vietnamese (V) (N= 411) & waist and hip 
Caucasian Australians circumferences 
African (AA) & Caucasian sk:infolds, BIA, 
American girls (7- 10 yrs) circumferences, 
DXA.MRI 
Findings 
CA: thicker triceps (M) 
AA: thicker triceps (F). 
thicker subscapular (M) 
HA: larger subscapular 
but not triceps · 
AA:. more visceral and 
upper body fat 
E: highest upper body fat 
AsA: thicker 
subcutaneous fat, 
especially upper body; 
CA: more lower body fat 
AA: less VAT, higher 
SAT 
V F: lower mean BMI. 
similarWHR 
AA: greater BMD, less 
total, VAT & SAT 
African (AA), Caucasian skinfolds, NA: more truncal fat 
(CA), Hispanic & Native circumferences AA: higher suprailiac sf 
(NA) Americans (N= 139) CA: more peripheral 
Footnotes: a) Method: skinfolds (skinfold ratios)~ TBW (total body water); circumferences 
(circumference ratios); UWW (underwater weighing); BIA (bioelectrical impedance)~ CT (computed 
tomography). 
b) Findings: VAT(visceral adipose tissue); SAT (subcutaneous adipose tissue); WHR (waist hip ratio); 
BMD(bone mineral density). 
c) The terms used in this table will be explained more fully in Chapter 5. 
Most of the existing evidence for the effect ofBMI on mortality and morbidity, 
particularly the longer term data, was from Caucasians, and mostly Americans. Far less 
information was available on the relationship between obesity and health risk in 
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Polynesians F..c-tel and these and the few available reports in Asians F..c.te 2 were also 
mainly cross-section~ urban/rural comparisons, or migration studies. 
1.2. 7.1 Mortality 
There was evidence for an increase in all cause mortality with BMI among 
Caucasians, particularly in men under 50 years of age39'60-62•64•65•67-71 and among the 
long term obese and very obese63'64• (Table Al.l, Appendix 1). The relationship, 
however, was not always present in women61'65'67• While the effect was shown to 
diminish with age29•3539•61•68•83.94.95, not all evidence supported this age-related decline in 
mortality r:isl('9, The few longitudinal studies among Polynesians did not suggest that 
BMI was a risk for mortalicyl8.96.97 except from diabetes97• New Zealand Maoris were 
an exception; mortality has been shown to increase with westernisation96• Limited data 
' 
was available on Asians; very short-term follow-up studies, and mostly in elderly 
populations: there was an association between obesity and mortality in two studiel8.99 
but not in another100 (Table Al.l, Appendix 1 ). 
A positive association was found on the whole for Caucasians between obesity 
and cardiovascular mortaittY637..s9'60'62'65'67'68 (Table A1.2, Appendix 1), with possibly 
a lesser effect in women35'67'102'104• Results for Polynesians were equivocal. Samoan 
male CVD (cardiovascular disease) mortality was greater in those .living a modernised 
lifestyle compared with a traditional one, but the reverse was true for women105. In one 
of the few prospective studies (of on]y 6 years' duration, and lacking data on smoking 
and alcohol consumption), obesity was a risk factor for all cause and CVD mortality in 
the very obese and the underweight Polynesians (> 130% and < 90% of relative weight 
respectively, using US Caucasian standards), suggesting aU-shaped relationship, but 
only secondary to the association between obesity and high blood pressure38• However, 
Polynesian populations are in transition and it is possible that the cardiovascular death 
rate may increase with increasing westernisation of these populations98•106• CVD is now 
the leading cause of death in NeW Zealand Maori107-109 and H.awaiians110•111 (the most 
Footnote 1 Tongans are classified as Polynesians, as defined by physical anthropologists. Other 
Polynesian groups include Hawaiians, New Zealand and Cook Island Maori, Samoans and Tahitians 
Footnote 2 South Asians were not included in the analysis; for current purposes, Asian VYaS defined as 
the Chinese/Japanese mongoloid subspecies of homo sapiens, which are of different genetic origin to 
the Caucasoid Indians (Coon, 1965). 
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westernised of the Polynesians), higher than the rate for other ethnic groups in their 
respective countries. 
The age standardised coronary heart disease mortality rate in Hong Kong 
Chinese and Japanese is about one quarter that for the USA and the United 
Kingdom100• A short~term (18~month) follow~up of elderly Chinese in Hong Kong 
showed a negative relationship between BMI and mortality in men and women100• 
Women in the middle tertile for BMI (20.4- 23.7 kg/m2) had the lowest mortality112• 
Data from the Honolulu Heart Program indicated that those with a BMI below 21 
kglm2 were at high risk113• These results are consistent with the recommendation for 
the prevention of coronary artery disease in Asians of a desirable BMI range of 18.5 -
23 kg/m2 114• 
Where a relationship: between weight and mortality was evident, it was 
generally U or J shaped, although the body size equating with minimum mortality 
differed between studies36,37'40.s9'61'68'71•115"121• A recent meta~analysis61 redirected 
attention to health risk at the lower end of the BMI range, a point made in relation in 
the earlier British Whitehall study139. The risk of being underweight may have been 
downplayed due to the social norms which valued slimness and stigmatised 
obesity61•122• A prospective study of over one million (the Cancer Prevention Study ll) 
confirmed the substantial effect of smoking and presence of disease on the association 
between BMI and mortality60• The nadir of the BMI-mortality curve for those who had 
never smoked and were free of disease was 23.5- 24.9 in Caucasian men and 22.0 ~ 
23.4 in Caucasian women60• 
It is notable that the majority of the longer term prospective studies suggesting 
obesity as an independent risk factor for CVD related morbidity and mortality (and not 
just mediated through its effect on hypertension, plasma lipids, insulin and glucose 
levels)36'66'69'102'120, have been conducted on Caucasian men39'69'70'104'122• 
1.2. 7.2 Diabetes morbidity 
It is widely accepted that risk for type 2 diabetes increases steeply as BMI 
increases33.34'63' 124'125. Table Al.3 (Appendix 1) lists studies in Caucasians109'119'126-129, 
Polynesians109•130-137 and Asians45•138•139• A number of investigators found that WHR 
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was as good or better indicator126·128·135-139. Despite the association between type 2 
diabetes and obesity in Polynesians, prevalence cannot be explained solely by 
obesity108·140-142, and the relationship appears to be stronger in females131-133• The 
gender difference in prevalence can possibly explained by differences in physical 
activity levelstos,t4l. 
1.2. 7.3 Cardiovascular disease · 
BMI predicted coronary heart disease in several longitudinal studies among 
Caucasians36,37·101•120, but the effect was not evident until considerable time had passed. 
(Tables A1.2, A1.4, Appendix 1) Low density lipoprotein (LDL) cholesterol and 
triglyceride levels increased and high density lipoprotein (HDL) cholesterol generally 
decreased with increasing B~5'67'109'127'138'143-151• The relationship between BMI and 
total cholesterol was more v~ble; positive in ~me studies165·109·138•143·148·150-152 or in 
men only67'145, and not significant in others109'149'152. Paradoxically, cholesterol levels 
were higher in some Polynesian urban groups151'153-155; but higher in traditional living 
rural groups in other samples144'149'153'155'156, despite the occurrence of a higher 
prevalence of heart disease among urban dwellers. This finding, and the fact that 
similar IIDL levels were found in male and female Polynesians155 (Caucasian women 
have higher HDL levels than Caucasian men) suggests that cholesterol may have a 
different effect in Polynesians. 
WHR, a measure of fat distribution, has been found to be at least as strong if 
not stronger a predictor of lipid abnormalities than BMI in Caucasians and 
Asians101·123·138·14s-150. Among Polynesians, westemisation appears to be associated with 
central obesity142, which is more prevalent among men of higher socioeconomic 
status44. However, in a 13 year follow~up of Samoans, rural~ urban differences were not 
apparent in WHR despite differences in BMI, leading to the conclusion that WHR is 
more genetically than environmentally determined44. 
1.2. 7.4 Blood pressure and hypertension (Tables A1.5, Appendix 1) 
BMI has been shown to be significantly associated with blood pressure in 
Caucasians65•109·127•129•149 with few exceptions69. There is a strong relationship in 
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Asians45•138·150•152·157 although the relationship may be confounded by the effect of 
alcohol in Japanese157. Several cross-sectional comparisons have been made between 
Asians (Chinese and Japanese) and Caucasians. In a Melbourne swvey of 
cardiovascular risk factors, although overweight and obesity in Chinese was less than 
half that of the general Australian population, the prevalence of hypertension and 
hyperlipidaemia was similar, with WHR at risk level158. Although there was higher 
prevalence of obesity, ischaemic heart disease, serum cholesterol and stressful lifestyle 
in American compared to Japanese executives, blood pressure increased at a greater 
rate with age in the Japanese159'160. These results have been interpreted to indicate that 
overweight plays a lesser role in Japanese hypertension compared with other factors160, 
but could also indicate that risk occurs at lower levels ofBMI in the Japanese. Risk for 
coronary heart disease (CHD) increased with BMI (controlled for age and smoking 
status) among Japanese ~ricans participants in the Honolulu Heart Program161; 
relative risk increased at a BMI 2:: 23, and doubled for BMI > 26. 
There was a relationship between BMI or o/ofat and blood pressure in 
Polynesians109·140·144•152·!62•163; with possibly a greater level of risk in females156'163'164. 
However, several confounding factors were evident. Firstly, there were more 
overweight and obese Polynesian women than men. Secondly, blood pressure or the 
prevalence of hypertension was also higher in urbanised, compared with rural, 
Polynesians, suggesting a modernisation effectt33,140,t43,144,tsJ,tss,t62,163,t6S,t66. As 
variability in adiposity did not fully explain the observed urban/rural differences, 
additional environmental factors, such as the use of salt and psychological stress, may 
yet prove to be importantl41,142,t44,167. 
1.2. 7.5 
Much of the discussion in the WHO Report on Obesity1 on the health 
consequences of overweight and obesity was drawn from longitudinal studies on 
Caucasians which may or may not be relevant to other ethnic groups, such as 
Polynesians and Asians. Recent attempts to redress the ethnocentric approach to the 
study of obesity and mortality in the USA suggested a lower risk from high BMI in 
African Americans60' 168; minimal mortality for African American men and women may 
be at BMis 3.1 and 1.5 kg!m2 respectively above those for their Caucasian 
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counterparts168• These data and the familial nature of disease patterns and body size 
and shape suggested a larger genetic component than had previously been given credit. 
The lack of evidence of a direct effect of obesity in Polynesians may be due to 
the lack of sufficiently longitudinal. studies, the fact that these are populations in 
transition, or the inappropriate application of Caucasian criteria in defining obesity. A 
relationship does appear to exist with diabetes and hypertension, despite some 
confounding from the urbanisation process. The rate of CVD related deaths in 
Samoans was lower than expected given the prevalence of obesity and 
hypertension44..97•105 and appeared to be unrelated to obesrtyl8• An as yet undiscovered 
environmental change may explain the excessively high and variable responses to 
modemisation141• 
With regard to Asians, the relationship between BMI and risk appears to be 
~ore direct, but there is a paucity of good longitudinal studies on representative 
populations, and again, many Asian populations are undergoing rapid 
westemisation 169• 
Thus it is posSible that the body size at which health risk is lowest may differ in 
different populations, in the same populations at different times, in relation to different 
causes of mortality, and different causes ofmorbirutyl5.33• 
1.2.8 Physiological defmitions of obesity: summary 
With regard to the physiological aspects of obesity, and using BMI as an 
indicator, it can be concluded that there is a worldwide increase in body size and 
obesity. However, the proportion of obese adults varies considerably between 
population groups. While BMI is simple to use, it is an indicator of both lean and fat 
body mass, and may represent different components of body composition in different 
populations. Rather than reject a simple, useful tool, the definition ofBMI may need to 
be adjusted to suit specific populations. Body composition varies with age and gender 
and the suitability of standards using 20-30 year olds as a reference group may not be 
appropriate. There is also some evidence that obesity is less of a risk factor in women. 
While obesity is a strong predictor of diabetes and hypertension, the 
relationship with CVD and mortality may differ between populations. It may be that 
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Polynesians do not suffer the same morbidity and mortality at the same body size as do 
Caucasians and it may be inappropriate to apply the Caucasian criteria of obesity to 
Polynesians142•170•171• There is some evidence that health risks may occur at a lower 
BMI in Asians than in Caucasians. 
In SUDliil31)', most of the evidence for the health risks of obesity has come from 
Caucasians. Taking populations over a wide range of body size and prevalence of 
obesity using the Caucasian-derived standards (Table 1.1 ), there may be a wide range 
of weight consistent with good health. Is it, therefore, inappropriate to apply standards 
derived predominantly in western societies and mostly in Caucasian Americans, to all 
populations, when there may be scant evidence that western physiological or biological 
standards are appropriate? 
1.3 CULTURAL DEFINITIONS OF OBESITY 
In addition to ethnic variation in actual body size, populations, when conceived 
of as cultural groups, differ in their concept of desirable body size. While obesity is 
seen as a disease from the western cultural perspective, large body size may signify 
health, wealth and beauty in other cultures172• These differences relate to the core value 
system of the particular society. 
1.3.1 Historical variation in body size preferences 
Considered in an historical context, large body size was valued as 
advantageous in the past, particularly in women. The biological advantages of large 
bodies related to survival; increasing likelihood of avoiding infections and recovering 
from illness when communicable diseases were rife, protecting against food scarcity, 
ensuring fertility and easier childbirth 4'6'173• A well covered body became socially 
advantageous as a symbol of wealth and status and visual affirmation that a women 
was well cared for172• Human societies also admired larger bodies, but not necessarily 
fatness, in men174• 
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Only in the twentieth century as the threat of infectious diseases diminished has 
wealth and success become asso.ciated with thinness, at the same time as weight, height 
and the prevalence of obesity are increasing. 
1.3.2 Preference for larger body size in developing countries 
Large body sizes are still, on the whole, preferred in developing 
countries6•172•174'm. In all major world cultural areas, with the exception of some 
traditional parts of Asia, plumpness is favoured in women6'174, and larger body size in 
n;J.en." 
The cultural and physical context in which Polynesians lived traditionally 
influenced their perception of beauty. Where there was a constant threat of hurricanes 
and finnine, people ate irregularly and partook of large feasts. The importance of 
cooperation in the production and distribution of food, a feature of the Polynesian way 
of life, was a rational response to ·an erratic food supply176• In such a climate, chiefs 
and their families in particular were admired for being large; confirmation of the 
adequacy of the system. The ritual fattening processes engaged in by Tahitians and 
Cook Island Maori were an integral part of these societies' perception of beauty. It 
was common for girls of high rank to be secluded in ''fattening houses" and carefully 
fed to develop into the cultural ideal; beautiful fat figures with fair skin177•178 • 
. 
In contrast, in some parts of Southeastern and South Asian, North African and 
Saharan societies where slenderness was admired, austerity, seJ.t.denial and control of 
appetite formed part of the moral tradition for women172• 'This ~rescnl>ed 
abstemiousness and the tradition of fasting may have occurred in response to a chronic 
shortage of food, in order to prese.IVe supplies for the greater number ofpeople172• 
Women tend to be more obese than men in non-western societies, reflecting 
cultural preferences; it is only in the West that the comparative sizes of the genders are 
reversed179• In most of the dev~loping world class and body size are positively 
related6•175; so much so that BMI has even been proposed as an indicator of standard of 
living180• In contrast, this relationship is strongly inverse in developed countries among 
women
174
•
175
•
181
. These differences in preferred body size between cultural groups 
21 
.,. 
I 
ll' 
~ 
.. 
• 
Do 
-
ChaE!ter 1 
(larger in developing cultures; thinner in developed), particularly for women, is 
evidence for the "cuhure bound" Feeeuote 3 perception ofbeauty118•182• 
1.3.3 Current western perceptions of acceptable body size 
The trend towards slimness has become a preoccupation in developed countries 
and although reported to a greater extent in the USA where it is probably at its most 
extreme, it has become a phenomenon of western cultures in general. 
The preference for thinness, particularly in women, can be related in part to the 
value placed on youth and the changing role of women. From an anthropologist's point 
of view, basing the US adult ideal weight standards on weight at 25 years of age 
despite the evidence that body size increases with advancing years is further ratification 
of the culture of youth 18• The thin female also coincides with greater participation of 
women in the workforce and an acc~mpanying downplay of the more rounded 
maternal image preferred in the past. Slimness implies control over one's body, and 
conversely obesity connotes lack of control; this concept of control fits well into the 
advanced capitalistic societies of the West183• These cultural symbols of slimness are 
reinforced by media and advertising and widely sanctioned, despite knowledge that 
they are seldom real but feature fabricated figures airbrushed to portray an ideal. 
Viewing the current epidemic of obesity in the United States from a socio-
cultural perspective, the downward trend in recommended body sizes for women 
appears to have been largely culturally determined; the gradually diminishing female 
size conforming with the core value ofthinness18• The steady decline in recommended 
female weight (but not men until recently) began with the Metropolitan llie Tables in 
1943 and 1959, and included revisions in 1974, 1975 and 1980. At the same time 
evidence was mounting that larger body size was a health risk for young and middle-
aged adults, particularly men (but not necessarily women)18• Evidence of the 
acceptance of a culturally endorsed slimmer female has been documented by the 
Footnote 3 A culture-bound syndrome is a constellation of symptoms which are categorized as a 
dysfunction or disease, with the following characteristics: 
• It cannot be understood apart from its specific cultural or subcultural context~ 
• Its etiology symbolises core meanings and behavioural norms of the culture; 
• Its diagnosis relies on culture-specific technology and ideology. 
• It is successfully treated only by participants in that culture. 18 
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gradually diminishing dimensions of Miss America pageant winners and Playboy 
centrefolds184 which occurred over the same period of time. A tautological argument 
used in support of weight-height tables (that they are ingrained in North American 
culture, both medical and non-medical, and therefore an important cuhural concept25) , 
is a rather questionable endorsement for the principles of objective scientific process. 
These trends can only have been reinforced by the recent reduction of the "ideal" 
healthy weight ranges from a maximum of 27 kg!m2 to a maximum of 25 kg!m 
squared 185. The prevalence of overweight and obesity has, with a simple sweep of the 
pen, increased in the US by 29 million186• 
Within this cultural context, obesity is stigmatised4'187-189• At the same time as 
the ideal became gradually slimmer, the average American became progressively 
heavier18•182, with a resulting 'normative discontent" among women182• Prescribing an 
ideal body size which is largely unattainable by the majority of the population has 
resulted in a preoccupation with weight and dieting182' 183• This preoccupation and 
. 
dissatisfaction with body size has become a western export along with the preference 
for the slimmer female form. 
Societies in the process of westemisation illustrate the invasiveness of social 
and cultural influences on body size. Caucasian American men were heavier than 
Caucasian American women while the reverse was true for Mexican men and women. 
However, Mexican American women who advanced up the social strata weighed less, 
while Mexican American men weighed more. This differing association of social class 
with the weight of women and men could not be explained by biological and genetic 
means, but was interpreted as the result of the influence of social and cultural norms190• 
Similar differences occurred among large samples of African American and Caucasian 
American women and men from the American NHES (National Health Examination 
Survey) and NHANES national swveys19 1' 192• Although hesitant to speculate, Flegal 
concluded that there may be cultural setpoints - nonns of acceptable body sizes -
determined by ethnicity, gender, age and socioeconomic status191•192• Hodge and 
Zimmet also concluded that different attitudes towards obesity may explain their 
observations that race and poverty were independent predictors of obesity in women in 
the USA and Australia44• 
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1.3.4 Body size, power and status 
That bigness symbolises power and dominance6' 172 appears to be a common 
trait in most cultures. Tallness has signified difference between rulers and subjects 
throughout history, such as among the Mayans, Classical Europeans, and 
Polynesiatls7•112• The majority of the presidents of the USA (thirty-four of the first 
thirty-six) were taller than the average American male at the time at which they were 
incumbent6. Despite Napoleon's traditional portrayal as a short man, he was, at 163 
~ unusually tall for a Corsican and above the average height for men in Northern 
France at the time6• The difference in size between those who were obviously leaders 
and their subjects in many instances probably indicated differences in nutrition and 
health statul·7• The anomalous position of Australia's present prime minister in this 
argument is more than made up for by some previous statuesque giants. 
Although seeming anomalous, certain notable women with power throughout 
history (eg Queen Victoria ofEngland, Queen Silote of Tonga) have also been large in 
either height and/ or girth. Even today when thinness is revered, larger women in 
powerful positions may consciously choose to retain their body size or, having lost 
weight regain it, conscious of the change in power relations with weight loss6. 
1.3.5 Ethnic differences in body size perception 
There is a growing body of evidence that perceptions and preferences of body 
size differ among different ethnic groups. A number of studies comparing body image 
and perception in different ethnic groups have been summarised in Table 1.5. Most of 
these were conducted on women, and confirmed a dissatisfaction with body size, 
particularly among the most westernised. Caucasian Americans were more likely to 
perceive themselves as larger, and underweight Caucasian women to perceive 
themselves as having an acceptable weight than were other ethnic groups193-196. 
Caucasians were more concerned with weight and preferred smaller body sizes when 
compared with African Americans196-202• Arabs203 Afro-Caribbeans195.204.2o.s 
' ' ' 
Germani06, Samoans207, South Asians20.s,2os,209 and Ugandans210. Where no ethnic 
differences were found211.212, it was possible that perceptions and preferences were 
influenced by the cultural values of the adopted country in which the studies were 
conducted. 
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Other studies investigated the process of westernisati.on by comparing similar 
subjects in different settings. Samoans women in New Zealand preferred smaller ideal 
sizes that did their counterparts in Samoa213• Asians living in Kenya selected larger 
sized body silhouettes as representing their own body size compared with those living 
in Britain209 (Table 1.5). 
Western influence, on the whole, appeared to promote a preference for smaller 
sizes especially in females. In most of these studies there was some comparison made 
between preferred body size and perceived body size, but the instruments used 
(questionnaires or series of images ranging from slim to fat) did not allow comparison 
with actual body size of the subject. 
1.3.6 Reconsiderin$ a def"mition of obesity and large body size 
Obesity is defined by the ideals of western culture as a disease178, and has 
connotations of lack of control over one's body183• On the other hand, large body size 
may be considered a positive attnl>ute in other cultures, where western values of 
controlling obesity and eating are foreign concepts178• In the past, large body size has 
been regarded more favourably and still often is in cultures where food is available to 
some and not to others. In western societies, the reduction in biomedical 
recommendations has coincided with the preference for gradual diminution of 
preferred sizes in women in western cultures18• 
The majority of the world's populations have a preference for large body size 
as an indicator of success in times of scarcity, although human societies have 
responded to food shortages in different ways; by sharing food when it is available and 
venerating large body size (Polynesians); or controlled appetites and revering 
slenderness in response to chronic shortages (eg South Asians). Most societies equate 
large size with power, and there is far less variation in preferred sizes for men (who 
generally hold the power). There is evidence that changes in socioeconomic 
circumstances and in cultural norms can alter body size preferences, and such changes 
appear to occur with increasing westemisation. Differences in desirable body size 
between ethnic groups relate mostly to women. 
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TABLE 1.5: Ethnic comparisons of body size perception 
Study Ethnic woup:J Method Finamgs 
Fumham& Kenyan Asian (KA), British & series of drawn figures KA: rated laiger figures 
Alibhai, 1983 Kenyan British F (n= 4S) more favo1m1bly 
Dawson, 1988 African (AA), Hispanic & perception compared overweight AA: less likely 
Caucasian (CA) American F with measured to perceive selves as 
(n= 17,000) overweight than CA 
Cockerham et al, Germans (G) & Americans questionnaires G: less emphasis on 
1988 (n= 120S) appearance 
Dolan et al, 1990 South Asian, Caribbean & questionnaires No ethnic differences in 
Caucasian British F concern with body weight 
(n= 479) 
Ford et al, 1990 Arabs & Americans (CA) CA: leaner ideal body size 
(n= 218) 
Rand&Kuldau, African & Caucasian (CA) interviews CA: F more dissatisfied 
1990 Americans (n- 211S) with body size 
Wardle& Caucasian (CB), Caribbean questionnaires Body satisfaction: 
Marsland, 1990 (CaB) & Oriental Asian British CaB > C > AB. 
(AB) (n= 846) 
Harris et al, 1991 African (AA) & Caucasian questionnaire AA: ovemreight F seen 
Americans (n= 64S) less negatively 
Rosen et al, 1991 African & Caucasian AA: more satisfied with 
Americans (n= 167) body weight 
Allan et al, 1993 African (AA) & Caucasian intenriews, series of AA: chose larger ideal 
American F (n= 67) photographs body size 
Ahmed et al, 1994 South Asian (SAB) and SAB: more satisfied with 
Caucasian British body weight 
Funham & Baguma, Ugandan (U) & British students series of drawn figures U: rated larger F and 
1994 (n=7S) smaller M more attractive 
Stevens et al, 1994 African (AA) & Caucasian series of drawn figures AA: more satisfied with 
American F (n"" 404) body weight 
Wilkinson et al, Samoan (S) & Australian F questionnaire S: felt more attractive than 
1994 (n= 140) Australians 
Greenberg & La African & Caucasian (CA) questionnaires, series of CA: chose slimmer female 
Porte,1996 American M (D"" 179) drawn figures body sizes 
Hodes et al, 1996 South Asian, Caribbean, sub- questionnaire, series of CB: preferred slimmer 
Saharan African, Caucasian drawn figures females 
(CB) & Mediterranean British 
F(n= 114) 
CA. EE. HA: more Mossavar-Rahmani African (AA), Caribbean (Car), series of photographs 
etal, 1996 Caucasian (CA), E European overestimated body size 
(EE), Hispanic (HA) & than AA, Car 
Meditenanean American F AA, Car: found heavier 
(n= 186) size attractive 
Altabe, 1998 African, Hispanic (HA), Asian questionnaires, series of CA & HA: more weight 
& Caucasian (CA) Americans drawn figures related body image 
(n= 335) disturbance 
Brewis et al, 1998 Samoan & New Zealand (NZS) questionnaire, series of NZS: females preferred 
Samoans (n= 226) drawn figures smaller sizes 
Cachelin et al, 1998 African, Hispanic, Caucasian & questionnaire, series of No ethnic differences in 
Asian American dieters drawn figures body size perceptions or 
(n= 1893) preferences 
Smith et al, 1999 African (AA) & Caucasian questionnaires, series of AA: more satisfied with 
American ~n= 3732~ drawn figures body size 
Obesity or large body size is thus a far more complex concept than one defined 
simply as a condition of excessive fat accumulation in adipose tissue. Given that 
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obesity is defined in terms of excess adiposity, and that evidence is emerging that 
ethnic groups differing in body composition, it is important that populations are judged 
to be obese on thcir level of fatness, rather than in terms of their body size. Cultural 
norms will determine whether body size is considered "too large", regardless of 
whether it can be defined as "too fat" in medical terms. These will in tum influence 
body size satisfaction and possibly influence how body size is perceived. 
1.3. 7 Previous studies of body composition and body perception 
Few studies have considered body fat content or body composition in relation 
to body size estimation. One study found that measured body fat in British women 
correlated with body dissatisfaction but not with measures of accuracy of body size 
estimation, suggesting cultural expectation of acceptable body size had a greater 
influence than actual size214• Weight concerns and dieting behaviom (assessed with 
questionnaires) in young Canadian university students was influenced more by the 
deviation of their skeletal structure (frame size measured with bone callipers) from the 
ideal, than by their degree of adiposity (measured with sk:infoldsi15• In other words, 
large boned women were more dissatisfied with their body size, regardless of their 
level of body fat. Another study found that women with a lower body fat distribution 
(lower WHR) were more likely to underestimate their body size, whereas those with 
upper body fat distn'bution tended to overestimate216• 
No published studies were found in which the methods used to assess body 
perception allowed designation of a particular size to the images selected as preferred 
or perceived body sizes. That is, none were able to directly compare these selected 
images with measured body size. Neither had any ~ublished study directly compared 
the specific body sizes preferred by one ethnic groups with those of another. 
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1.4 STUDY OUTLINE: THE RELATIONSHIP BE1WEEN 
BODY PERCEPfiON, BODY SIZE AND BODY 
1.4.1 Purpose of study 
Chapter 1 
Body size preferences appear to be directed by perceived norms of the culture 
or subculture to which an individual belongs; thus to be "culture bolDld". An observer 
may expect_ to see different acceptable body sizes in different cultural groups. These 
may or may not relate to actual measured body size or differences in body 
composition. 
Similarly, preferred body sizes chosen by members of a "culture bound" society 
would be expected to reflect that culture's view of acceptable size. If the particular 
size was well established as #Ie cultural norm, little variation would be expected within 
that cultural group. On the other hand, there may be differences across age, gender or 
social groups, or with imposed influences such as degree· ofwestemisation. 
There is growing evidence that body composition differs between ethnic 
groups, both in terms of major components and fat distribution. It may be that 
morbidity and mortality risk ofbody size and obesity also differs with ethnicity. 
·Three ethnic groups will be studied, to represent extremes of body size and 
perception. At one end of the range are Polynesians, with large body build and a 
reputation for preference for large body size. In contrast, some Asian groups have 
traditionally preferred slight body size. Chinese from Singapore, who originated 
predominantly from Southern China and had small body build, represent the other 
extreme. Australians represent the middle grolDld and consist of a range of body sizes. 
Australia is considered a multicultural society, where one quarter of its population were 
bom overseas. While pre-World War D the majority of immigrants were of Anglo origin, 
waves of Mediterranean, Middle Eastern and Asian migrations have added to the 
diversity. The typical western preference for slim body size for women predominates 
among Australians. 
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1.4.2 Study hypotheses 
1. There is diversity in body size perception and body composition across 
different human body types, and 
2. The use of standard Footnote 4 definitions of obesity across all body types is 
inappropriate. 
1.4.3 Methods 
Body perception 
• To develop and validate an instrument for the cross-cultural measurement ofbody 
size perception; 
• To measure body size perceptions and preferences in 
~ an Australian sample as a pilot study; 
~two different cultural samples (Polynesians and Australians); 
:::> Polynesian, Australian and Asian populations representing varying body types. 
• To compare body size perceptions and preferences between ethnic groups 
Body composition 
• To review and select appropriate methods for measuring body composition across 
ethnic groups; 
• To measure body composition in 
=> a pilot comparison between Polynesians and Australians; 
=>three populations of differing body build - Polynesians, Australians and Asians. 
• To compare body composition between ethnic groups 
Footnote 4 International standard definition adopted by WHO (see page 7, Table 1.1, paragraph 3) 
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Body perception and body composition 
• To compare body perception with body composition in each ethnic group 
Evaluation and synthesis 
Based on these results: 
• To evaluate the applicability of body composition equations developed in Caucasian 
populations to other populations; 
• To consider definitions of acceptable body size with the current Australian 
multicultural population. 
The structure of this thesis arose as a developmental process through a series 
of investigations, each ofwhich raised further questions. This process will be descnoed 
in the following chapters. 
1.4.4 Thesis outline 
In Chapter 2 the process of developing and validating a method for the cross-
cultural measurement ofbody perception will be described. 
Chapter 3 reports a pilot study in which this tool was used to assess body 
perception in obese and normal weight Australian women and men. 
The use of this tool in a cross-cultural setting with Cook Island Maori and 
Australians matched for age and BMI is reported in Chapter 4. A preliminary 
in~estigation suggests body composition differences between Maori and Australians. 
Body composition methodology is reviewed in Chapter 5, and a suitable 
method selected for measuring body composition in the different ethnic groups. 
Chapter 6 describes the procedure used for a further cross-cultural 
comparison between three samples of subjects from populations which differ in body 
size, composition and traditional body composition preferences. The hypothesis was 
that body composition differed among these three ethnic groups, but the congruity 
between body size preferences and body composition of each group depended on the 
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degree of cultural integrity ("culture bound~ness~') as opposed to western. influence on 
preferences within each group. The agreement between actual composition, perceived 
body size preferences and recommended healthy weight ranges was also explored. The 
results are presented and discussed in Chapter 7. 
In the final chapter, the applicability of body composition equations developed 
in Caucasian populations to other ethnic groups will be evaluated in light of the 
findings of the various studies, and definitions of acceptable body size with the current 
Australian multicultural population will be considered. 
1.4.5 Defmition of terms 
The WHO definitions of oveiWeight and obesity will be used throughout this 
thesis unless otherwise stated. The term overweight will equate to a BMI (body mass 
index= weight divided by height squared) of25~30 kg/m2, or as a percentage body fat 
of> 35% in women and> 25% in men. Obesity is defined by a BMI beginning at 30 
kg/m2 I 
The use of ethnicity as a variable requires clarification. Ethnicity implies a 
shared social background or culture, or common sense of identity, language and/or 
religion217• Despite being used interchangeably with ethnicity, race is a biological 
(rather than social) designation for phenotypical differences used arbitrarily to classifY 
humans, and one which has fallen into disrepute217.218• It will not be used to classify the 
study populations in this thesis. 
Senior & Bhopal identified four problems with the use of ethnicity in 
epidemiological research: errors in measurement, heterogeneity, ambiguity about the 
putpose of ethnicity in research, and ethnocentricrtyl17• With regard to measurement 
difficulty, the different ethnic groups investigated have been defined by country of 
residence and stated ethnicity of self and grandparents. Subjects were all recruited in 
their own countries. Heterogeneity was not a problem since only those stating their 
ethnicity using the above criteria were included. The multiethnic Australian sample was 
selected as reflective of the Australian population. Clarity of pwpose is not an issue; 
ethnicity forms the basis of comparisons between groups. Finally, this thesis aims to 
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question the ethnocentricity that is inherent in applying Caucasian data across all 
populations, not to perpetuate it. 
Culture is a social term characterised by behaviour and attitudes of a social 
group218, and will be used as an option to ethnicity, particularly when discussing body 
size perception . 
All terms and their definitions are included on pages xxi xxiv. These are 
reproduced on the bookmark provided for quick reference during reading. 
1.4.6 Ethical approval and consent for study populations 
Obese and normal weight Australians (Chapters 3 & 4) 
Ethical approval was obtained from Central Sydney Area Health Service, and 
verbal consent obtained from each study subject. 
Cook Island Maori (Chapter 4) 
Ethical approval was obtained from Central Sydney Area Health Service and 
Auckland University. Written consent obtained from each subject (Records available 
from Dr B Swinbum, Department of Community Health, Auckland University). 
Tongans (Chapter 6) 
Ethical approval was obtained from Central Sydney Area Health Service, the 
Food and Nutrition Committee, Central Planning, and all ministers .in the parliament of 
the Kingdom of Tonga. The object of the study was explained to all the study subjects 
and consent obtained. 
Australians and Tongans in Australia (Chapter 6) 
Ethical approval was obtained from Central Sydney Area Health Service. 
Written consent was obtained from each subject (Records available from P Craig). 
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Singaporean Chinese (Chapter 6) 
Ethical approval was obtained from Central Sydney Area Health Service and 
the ethics committee of Singapore General Hospital where the study subjects were 
recruited. The object of the study was explained to all the study subjects and consent 
obtained. 
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CHAPTER2 
DEVELOPMENT AND VALIDATION OF 
AN INSTRUMENT FOR MEASURING BODY 
PERCEPTION ACROSS CULTURES 
Objectives 
In this chapter, the following objectives will be addressed: 
• review available methods for measuring body perception; 
• review methods used to test the validity and reliability of these methods; 
• develop an instrument for the cross--cultural measurement of body size perception 
with assigned BMis to the images; 
• validate the method; 
• test the reliability of the instrument for cross-cultural use. 
~ 
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This chapter will report on the available methods for measuring body 
perception, and discuss the criteria which need to be met for a method to measure 
perception in several cultural groups. The development of an instrument for measuring 
body perception cross-culturally will be described, and its validity and reliability tested. 
2.1 REVIEW OF THE MEASUREMENT OF BODY IMAGE 
2.1.1 Background 
One of the problems of "body image" has been definition of the concept itsel£ 
Defined as "the picture of our own body which we form in our mind, ... the way in 
which the body appears to ourselves"1, body image Jacks a clear operational definition 
which has made it difficult to measure and analyse. 
The concept ofbody image includes both 
• the surface, depth and postural picture of the body; and 
• the attitudes, emotions and personality reactions of the individuals to their bodies2 • 
Perceptual research is associated with the fir~ aspect, and research concerned 
with personality processes with the second. 
Attitudinal measures were first developed in the 1950s and 60s2.3. Since then a 
plethora of questionnaires on body dissatisfaction have been devised, many specifically 
as diagnostic tools for anorexia nervosa or bulimia nervosa. Attitudinal measures of 
body image will not be examined further, since this aspect is beyond the scope of the 
present thesis. 
2.1.2 Perceptual measures of body image 
Perceptual research is concerned with more objective methods for measwing 
how the body was perceived in space. The approach developed from a postural model 
of the body or ''body schema" proposed by a British neurologist, Sir Henry Head, from 
work with brain-damaged individuals during the early part of the twentieth cen~. It 
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was used by neurologists with amputees experiencing 'l>hantom limb" phenomena, and 
by psychiatrists with schizophrenics who showed a range ofbody distortions4-6. 
During the 1960s, there was some experimentation with obese and normal 
weight groups7-1°; and in the 70s and 80s an explosion of work with eating disorder 
patients. There have been numerous studies of body image among those with eating 
disorders (reviewed b~•11'15); but fewer studies of body image in normal populations. 
Available methods include those concerned with body parts estimation, and 
those considering perception of the body as a whole13• 
Body part estimations 
This method and its variants, referred to collectively as the moving calliper 
technique (MCT), has been the most widely used7•16-37• The earliest work on body part 
estimations date ftom the early 1960s. Dillon38 designed a device to compare estimates 
of height, depth and width with actual measurements. Body part estimations utilised a 
measuring rod7, two lights attached to a moveable beam16, a variable beam of light 
projected onto a wall17 or gliding callipers (sometimes referred to as kinaesthetic size 
estimating apparatus or KSEA)39• Actual widths of parts of the body- such as the face, 
chest, waist and hips- were measured and compared with estimated widths. In the 
image marking procedure (IMP)40, various body widths marked on paper were later 
joined up to represent a ' ':mirror image" of the subject. Many body part studies have 
been used in conjunction with attitude tests to distinguish factors for explaining the 
distortion in body image in anorexia or bulimia nervosa. Data on body perception in 
those of normal weight came primarily from control groups used in these studies. 
' 
These methods are, by definition, restricted to estima#on of specific body widths, but 
have the advantage of being able to directly compare estimated widths with actual 
measures (see Table 2.1). 
Whole body estimations 
The adjustable body-distorting mirror was an early quantifiable measure of 
overall body size. A flexible mirror, allowing alteration of both the horizontal and 
vertical plane, was adapted for full body work by Traub and Orbach2 from a method 
-
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for estimating face size41• A later modification allowed horizontal flexibility only while 
maintaining height42• However, this method has proved difficult to use and quantify, 
and has seldom been used43• (Table 2.1) 
Other whole body techniques included series of photographs, silhouettes or line 
drawings, graded from the most underweight to the most overweight. Photographs 
were selected9'44'45 from recorded photographs46•47, but this work was limited to 
preferences for different somatotypes rather than body size, and restricted to male 
oodies as no female equivalent of Sheldon's46 Atlas of Men Feotute 5 existed. An 
advantage of silhouettes4s-53 and line drawings54-61 was their generalisability. They 
could be used to explore concerns beyond the subject's own body, such as cuhurally 
acceptable body sizes. It was possible to make smaD, cuhurally appropriate alterations, 
such as in hair type, without altering size or shape of the image. This flexibility could 
also be a liability; for example outlining n"bs at the thin end and addition of rolls of fat 
at the obese end may say more about the cultural origins or preferences of the artist 
than those of the subject. Although silhouettes and drawings were generally ordered in 
increasing size 59, size increments between images were not necessarily uniform, and the 
actual sizes represented by the images were not stipulated Although a set of 
silhouettes to which BMis were assigned have been produced62, the different body 
shapes, varying heights and unequal BMI increments between images makes 
comparison between them difficult. Series of silhouettes, line drawings and 
photographs have been used in conjunction with questionnaires on body attn"butes or 
bi-po1ar constructs to identify body size preferences between different cultural 
groups55,s8-60; males and females44'63; and different somatotypes45'48.49.52.53.56. (Table 
2.1) 
Footnote S The "Atlas of Men, included images of naked men of various shapes and sizes. Its 
purpose was to record the range of "somatotypes, which exist in the male form. The. human body can 
be viewed as consisting of three main components which are present in varying degrees: endomorphy 
characterised by softness, roundness and a tendency to obesity, mesomorphy with heavy bones and 
heavy musculature, and the appearance of a heavy athlete; and ectomorphy distinguished by long. lean 
proportions. 
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TABLE 2.1: Available methods for measuring body perception 
Method 
Moving calliper technique 
(MC1) (Shontz, 19637) 
Kinaesthetic size estimating 
apparatus (KSEA) 
(Powers et al, 198539) 
Image marking procedure (IMP) 
(Askevold, 1975~ 
Adjustable body-distorting 
mirror (!'raub &. Orbach, 19642) 
Graded photographs 
(Calden et al, 19S!t') 
Series of graded silhouettes 
(Dibaise &. Hjelle, 1968"') 
Graded line drawings 
(Stunkard et al, 1983'') 
Silhouettes ofknown BMI 
(Whitney et al, 19906l) 
Distorting photograph technique 
(DPI) 
(Glucksman & Hirsh, I9691o:> 
Video distortion technique 
(VDT) (Collins et al, 19&3") 
Descriptio'!_ Uses Advantages Distuhlllltag~es 
Rod attached to a moveable beam Actual widths compared Most widely used Width measures only 
used to measure and estimate with estimated widths Compare estimated with actual measured width Stronger association with affective 
body widths responses than ~ole body methods 
Gliding callipers used as above Actual widths compared Compare estimated with actual measured width Width measures only 
Body widths marked on paper, 
then joined up to represent a 
"mirror image" 
Alteration ofhorimntal and/or 
vertical plane to change image 
Selected from recorded 
photographs of actual people 
Graded images from slim to fat 
Graded images from slim to fat 
Selected from photographs of 
people ofknown weight and 
height 
Image distorted from thin to fat 
while height constant 
Image distorted from thin to fat 
while height constant 
with estimated widths Stronger association with affective 
responses than whole body methods 
Actual widths compared Compare estimated with actual measured width Width measures only 
with estimated widths Closest to who)~ _body measures 
Whole body preferred or Use of own image suits questions on perception Difiicult to use and quantify 
perceived own body size 
Whole body perception Anthropometric data on source images Limited to somatotypes 
Preferred somatotypes Male images only 
Whole body preferences Suit questions on preferences Actual size of images not known 
or perceptions Size increments unknown and not uniform 
Whole body preferences Culturally appropriate images possible Actual size of images not known 
or perceptions Size increments lDlknown and not uniform 
Whole body preferences Anthropometric data on source images Differing body shapes, heights and BMI 
or perceptions • increments between images 
Whole body preferred or Easier to relate to own image Actual size of images not known 
perceived own body size Uniform increments between images possible 
Whole body prefe.r.red or Easier to relate to own image Actual size of images not known 
perceived own body size Uniform increments between images possible 
Modified DPT Culturally appropriate graded Whole body perception Cuhurally appropriate images possible Actual size of images not known 
(Massara & Stunkard, 197911) images from slim to fat Cross-cultural body size Increments between images estimated 
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Distortion techniques, in which an image was distorted in the direction of 
appearing thin or fat without altering its height, have also been used. The distorting 
photograph technique (DPT) was first reported by Glucksman and Hirsh10• A dial, with 
the midpoint corresponding to the undistorted image, allowed the subject to 
manipulate the width of the image in response to questions about own and preferred 
body sizes. A similar technique connected to a video screen (video distortion technique 
or VDT), initially used to measure facial perceptual accuracy64, was further developed 
by Collins65 and Freeman 43 for use in perception studies of the whole body. These 
techniques have been used on a range of obese, normal weight and anorexic 
subjects10•18.32.34.37•43•6,..76• Reported research has mostly been on females. The use of the 
subject' s own image added realism when questioning about own body size preferences. 
Distortion was in the horizontal plane only while maintaining a constant height. 
However, the distortion of the image could only be descn'bed as a percentage change 
in width or area from the undistorted image, rather than as an absolute value. (see 
Table 2.1) 
Massara and Strinkard77 suggested a further use for the DPT in quantifying 
cultural ideals. Photographs of models from the particular cu1tural group under 
investigation were' systematically varied and photographed at regular intervals, to 
produce two series - one male and one female - encompassing a range of sizes from 
undetWeight to overweight. The images could be arranged in increasing order from 
thin to heavy and the size of each image was descn'bed as percentage variation under 
or over the medical height/weight standards as judged by medical experts78• 
Although whole body methods were most suitable for the proposed studies, 
none of those investigated met all the required criteria. Line drawings had been mostly 
used in cross-cultural studies but were in essence a series of artistic images. Massara 
and Stunkard modified DPT came closest to being able to estimate the body size 
represented by each image, and suggested the possibility of a series with even 
increments between images along a continuum. 
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2.1.3 Validity and reliability of methods for measuring body perception 
In order to identify appropriate methods for assessing the validity and reliability 
of a new instrument, previously used methods were investigated. 
Validit;y 
While perceptual aspects would seem to. be more quantifiable than attitudinal 
measures ofbody image, most of the reported validation studies related to the latter. 
Most reports on body perception made reference to sources of photographs46•47, or to 
those who developed the techniques or had previously used them Yet these original 
references seldom reported validation studies (the flexible mirror excepted41), instead 
introducing the technique as a novel method and/or an improvement on those used 
previously. 
Validity is defined as the degree to which a test measures what it is purported 
to measure, and is usually established by reference to an existing "gold standard". For 
body perception, a gold·standard method would appear to be actual body size. A body 
width, for instance, is a real and measurable entity. But since body size perceptions are 
subjective responses, agreement between estimated and measured body widths cannot 
be used as a means of validation. 
In the case of body photographs or silhouettes of known weights and heights 
(such as those from Sheldon's Atlas ofMen46 and those used by the Canadian Dietetic 
Association62), validation was not necessary. However images of real individuals were 
seldom used. Similarly, the undistorted image (or the mirror, photo and video 
techniques) was a true representation of an individual subject. Even though Stunkard55 
rqJorted the series of line drawings used in the Danish adoption study as being 
"surprisingly accurate" for determining the weight status of parents, he was referring 
only to a measure of agreement, not as a measure of representation. 
In the absence of a "gold standard", a technique may be measured against 
another technique, and there have been several comparisons of different body 
perception methods. Although one early report was found18, most comparisons have 
occurred since the mid 1980s, wen after the techniques were first been used. Results 
were variable. While significant correlations between body width techniques were 
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shown in some cases, these were frequently not strong32.37'79• Fewer attempts were 
made to compare whole body techniques. Correlations between distorting mirror and 
VDT were poor or non-significant11•80• Although it was reported that Gamer had 
shown a "substantial correlation" between the DPT and VDT3 these are very similar 
techniques, no reference was given and no reported test was found. Comparisons 
between body part and whole body techniques in normal weight controls fmm.d no 
significant correlations18.32,37•72•80•81 with the exception of IMP and silhouettes81, which 
it could be argued, were the most similar of all the body part and whole body 
techniques. (see Table 2.1) 
The lack of correlation between width and whole body techniques suggested 
that each was measuring different aspects of body perception. Ahhough the 
. relationship between affect and perception has.not been extensively studied12, affective 
responses were more strongly correlated with body width13,3l,3S.37•81 than with whole 
body measures. DPT and VDT were reported to exhibit lower error, less 
overestimation, less inter-subject variability and less methodological bias than other 
methods; and thus to be the more sensitive measure ofperception13•18.37•81•82• 
Most investigations have used body perception methods to distinguish those 
with eating disorders from the normal population28.43'83• VDT was shown to better 
discrimmate between those who were '"good and poor perceivers" of their own bodies 
in normal populations than various body part techniques, using discriminant function 
analygg37• All the methods reviewed had good filce validit)?•14• 
On several occasions experts or subjects were asked to rank images and 
estimate image size. Results of ranking were variously reported as "correct',s9, or ''with 
(almost) perfect agreement',<). ''Experts" considered photographs to be "at roughly 
equal inteiVals" along a skinny-.filt continuum9• Although three medical weight-
specialists "agreed" as to percentage under- and over-weight for each photograph in 
Massara's cultural series (correlation coefficient = 0.89), what they actually did was 
not clear from the published report78. It seems surprising to find such a high correlation 
if exact percentages were assigned to each photograph. 
In other studies subjects were asked to estimate the size of various inanimate 
objects to establish validity7' 18'21•25.3°'31'41•67•68'72'84• The various interpretations of these 
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results, ranged from accurate to inaccurate, suggest that this was not a useful method 
of validation. 
Reliability 
A method is considered reliable if it gives consistent results under the same 
conditions83• Reliability measures were usually expressed as internal consistency and 
stability over time. 
Body parts techniques lend themselves more readily to considerations of 
internal consistency than do whole body methods, and good correlations have been 
reported16•18•19.32•67•79•83• Some internal consistency measures for whole body methods 
have been attempted, using comparison of frontal and profile images. Correlations in 
the order of0.62 -0.73 were found for the flexible mirror and for VDT3•67•80, 
Correlations for test-retest reliability ofDPT and VDT were usually acceptable 
and diminished with time, but results varied widely between studies. Immediate values 
for Pearson correlations· of 0.61-0.9666'73; from insignificant to 0.83 over a few 
weeks43•66•73•80•85; and up to 0.70 over one year66 were reported. 
2.1.4 Suitability of techniques on grounds of validity and reliability 
In summary, whole body techniques, particularly DPT or VDT, were shown to 
be acceptably objective and reliable among available methods for measuring body 
perception, and preferable to body part techniques which were more likely to reflect 
affective response. VDT had the least methodological bias37• None of the techniques 
desen'bed have been evaluated against a criterion method; assessment against other 
body size estimation technique being the most rigorous validation method used. These 
instruments have been the most frequently used to discriminate between those with or 
without eating disorders. 
42 
Chapter 2 
2.2 DEVEWPMENT OF A TOOL FOR THE CROSS-CULTURAL 
MEASUREMENT OF BODY PERCEPTION 
2.2.1 Selecting a suitable method 
A suitable method for measuring body perception cross-culturally needed to 
• measure a subjective reaction to the subjects' own and preferred body size; 
• assess acceptable norms for female and male body sizes in several cuhural groups; 
• be comparable with actual measured body size. 
2.2.2 Development of the Body Perception Instrument (BPI) 
A tool was develope<l based on VDT and the modification used by Massara 
and Stunkard77• It consisted of a series of female and male images, with assigned BMI 
values and with a uniform BMI increment between the images. 
A whole body photograph was taken of a subject of known weight and height, 
dressed in black leotards, with legs together and arms by the sides. A black and white 
videocamera system, developed and kindly lent by Collins73 allowed alteration of the 
width of the image without changing the height. The photograph was scanned by the 
videocamera, and the adjustable control dial was varied from an index size of 60 to 
144, by 4 % inteiVals. Footnote 6 Twenty-four Polaroid photographs were taken, one at 
each setting. These were carefully cut out and weighed to the nearest 0.1 mg using a 
top loading analytical balance. The width of each image was also measured at the 
wrists. A plot of the index size by the photo weights and by photo widths was made. 
The data and plots appear in Appendix 2, Table A2.1, Figures A2.1a and A2.1b. As 
can be seen from the plots, these relationships are curvilinear, requiring a quadratic 
cUIVe to best fit the data86: hence a polynomial regression estimation formula was 
derived for estimating the BMI of each photograph. 
2a) Estimated BMI = BMI{mdex~ 2 
C10o] 
Footnote 6 The index represented the percentage deviation from the undistorted image 
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index size= 
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estimated body mass index of the photograph 
known body mass index of the model 
percentage width of image 
The plot of estimated BMI obtained by this formula on the original subject, 
regressed on index size is shown in Appendix 2, Figure A2.1c. This formula made the 
assumption that, as the width of the photograph varied, so did the depth of the image; 
that is, that a change in BMI was a change in volume rather than just a change in 
surfilce area. 
Two models of Caucasian origin were chosen: 
• Female: ' BMI = 21.0 kglm2, height= 166 em; 
• Male: BMI = 24.8 kg/m2, height = lSI em. 
The models were dressed in light coloured clothing and photographed against a black 
background with minimal shadowing by a professional photographer. The photographs 
were scanned into a Picture Publisher program, at a resolution of 300 dpi A Corel 
Draw package allowed alteration of the width, while maintaining the height, of the 
image in accordance with the Formula 2a. The size indices were calculated, and two 
series wer~ produced, consisting of nine photographs each, covering an even range 
from BMis of 15 to 45 kglm2 for the female, and from 17.5 to 47.5 kg/m2 for the male 
(Appendix 2, Figure A2.2). These limits were chosen to account for the majority of 
subjects in the initial study, but were later extended for use with other populations. 
Pixeliz$tion of the face maintained the models' anonymity. 
Photographs of culturally appropriate male and female Polynesian and Chinese 
mode~ appropriately attired, were used to produce additional series. of photographs. 
BMis, heights of the models, and the BMI ranges covered in each series appear in 
Table 2.2. Images for these additional series are reproduced in Appendix 2, Figures 
A2.3 and A2.4. The ranges were appropriate for the particular study populations with 
which they were used. The BMis represented by the photographs were evenly 
distn'buted along a continuum. 
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TABLE 2.2: BMI and height of models, and range of BMI 
included in the photographic series 
Cultural group Sex BMI Height BMI range of series 
(kglnl) (em) (minimum, maximum) 
Australian Female 21.0 166.0 15.0, 45.0 
Male 24.8 181.0 17.5, 47.5 
Polynesian Female 39.5 155.0 18.8, 52.5 
Male 29.6 173.0 17.5, 51.3 
Chinese Female 19.2 163.0 15.0, 45.0 
Male 26.1 169.0 17.5, 47.5 
Cha,eter 2 
2.3 VALIDITY AND RELIABILTIY OF THE BODY PERCEPTION 
INSTRUMENf 
,I 
2.3.1 Selecting a method of validation 
There was no established "gold standard" method for validation of such a tool 
Validity for the instrument was established using photographs of individuals of known 
BMI. The School of Sport and Leisure Studies at the University ofNew South Wales 
had used full anthropometric profiles from the South Australian anthropometric data 
base87 to develop a similar but computer based tool for the measurement of body 
perception in which the width of naked images of a female and a male could be altered 
along a sliding scale. It was established that the bitrochanteric breadth (the widest 
point of the gluteal region or the buttocks) was the best single predictor of BMI in 
wometi, while the biillac or billiocristal breadth (just below at the waist, commonly 
referred to as the breadth at the hip bones) was. the best predictor in males (T. Olds, 
personal communication, 1996). 
2.3.2 Methods for testing validation 
The Body Perception Instrument (BPI) was validated by comparing 
photographs of a number of individuals of known weight and height with those of the 
series of generated images. Twenty-five photographs were taken of individual females 
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of .known BMis between 16.3 and 53.6 kglm2• Fortuitously, Sheldon, in preparing his 
Atlas of Men46, had stated the weight and height of a number of the subjects, and 
twenty-three of these, covering a range of BMis, were rephotographed. Photographs · 
of an additional three men were also included. The male BMis covered a range from 
15.5 to 54.9 kglm2• 
The biiliac breadths of the male photographs were measured as closely as 
possible; this proved easier on the naked Sheldon images than the dressed images. The 
biiliac breadths of the male series of generated images were also measured. The 
process was repeated for the females using the estimated bitrochanteric breadth. 
Graphs and regression formulae were prepared, using BMI as a function of measured 
breadth, adjusted to a standard height: 
2b) BMI =a+ b (measured ~readth in cml(height in cmX 100)) 
2.3.3 Results of validation 
Validation results, using body breadths, are summarised in Table 2.3. The R2 
values for the photographs of individuals of known BMI (females: 0.79; males: 0.92) 
confirmed . the high predicability of BMI from bitrochanteric and biiliac breadths 
respectively, and justified this as an appropriate method for validating the series of 
photographs. The 95% confidence intetvals (95% Cl) were narrower for the males . 
than for the females. Polynesian and Australian male series were the closest to the 
sample series (ie 95% . confidence intetvals (CI) for the slope and intercept falling 
wholly within the 95% CI for the sample population series). The Chinese males and 
fenu,Ies were not so close, but overlapped with the 95% CI for the male and female 
sample series respectively (Table 2.3). The four equations given in Table 2.3 (for the 
sample, Polynesian, Australian and Chinese populations) for body mass index as a 
function ofbreadth, adjusted for height (formula 2b) were plotted in Figures 2.1 and 
2.2. Figure 2.1 (females) and Figure 2.2 (males) illustrate the similar slopes and 
int~cepts between the cultural series and the photographs of real subjects. 
There was good face validity for the BPI. The fact that the photographs form a 
series of BMis placed at equivalent intetvals contributes to the face validity of the 
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series as a whole. In addition, women are more likely to focus on buttocks as an 
indicator of size; body parts studies suggest that lower bodies are the area of most 
concern. to women14• 
TABLE 2.3: Correlation coefficient, R square, standard error and 95% 
confidence intervals for slope and intercept for the equation of body mass index 
as a function of bitrochanteric (in females) and biiliac (in males) breadth, . 
adjusted for height 
Photograph origin No. R If Slope(SE) Intercept (SE) 
(BMI rang_el (95% C!}_ (95% C!)_ 
Fenullu 
Sample population 25 0.89 0.79 3.08 (0.33) -46.62 (8.28) 
(16.3- 53.6 kglm2) (2.39, 3.76) (-63.75, -29.49) 
Polynesian 10 1.00 0.99 2.64(0.09) -31.50 (2.32) 
(18.8- 52.5 kglm2) : (2.43, 2.85) (-36.84, -26.16) 
Australian 11 1.00 0.99 2.33 (0.08) -30.20 (2.11) 
(15 - 52.5 kglm2) (2.16, 2.50) (-34.97, -25.42) 
Chinese 9 0.99 0.99 2.23 (0.10) -26.90 (2.52) 
(15 - 45 kglm2) (2.00, 2.46) (-32.85, -20.94) 
Males 
Sample population 26 0.96 0.92 2.86 (0.18) -26.27 (3.37) 
(15.5- 54.9 kglm2) (2.49, 3.22) (-33.27, -19.26) 
Polynesian 10 1.00 0.99 2.94 (0.07) -29.23 (1.63) 
(17.5- 51.3 kglm2) (2. 77, 3.1 1) (-32.98, -25.47) 
Australian 9 1.00 0.99 2.85 (0.10) -28.06 (2.21) 
(17.5- 47.5 kglm2) (2.61, 3.09) (-33.28, .22.85) 
Chinese 9 1.00 0.99 3.12 (0.11) -35.06 (2.35) 
p 7.5- 47.5 !gim22 ~2.87, 3.3~ ~-40.63, -29.49~ 
Footnotes: a) Results given as mean (S.E). 
b) 95% CI (95% concidence interval) 
2.3.4 Selecting a method of measuring reliability 
,· Repeatability (test re-test) of the VDT when used for subjective judgements 
' 
has been shown by Collins73 using similar equipment. These studies were not repeated. 
It was not possible to measure internal consistency since only one measure was taken. 
However, it was important to establish two other aspects of reliability for the BPI. 
First, whether the photographs were able to be arranged in increasing size order. 
Second, whether each series could be demonstrated to be measuring the same thing, so 
that each culturally specific series of photographs could be used with the appropriate 
cuhural group. The use of Pearson's correlation coefficient (treating the series as 
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interval data) or chi square (treating the photographs as separate categories) were not 
appropriate as these measured association rather than agreement. 
FIGURE 2.1: Validation of female series of photographs, 
using bitrochanteric breadths to predict BMI 
Width of image adjusted for height 
40.---------------------------------, 
20 
-· Polynesians 
•••• 
10 Chinese 
--Caucasians 
0.---~----~----~--~----~--~ Photographs 
0 10 
BMI 
30 40 50 60 
Footnotes: a) width of image = bitrochanteric breadths measured on photographs of individuals 
covering a range ofBMis. and on images in each series adjusted using the formula la, section 2.2.2. 
b) width adjusted for height of photograph or image. 
FIGURE 2.2: Validation of male series of photographs, 
using biiliac breadths to predict BMI 
Width of image adjusted for height 
40~-----------------------------------. 
30 --~,.!}!:. 
20 
Polynesians 
10 
.... 
Chinese 
--CaU<:aBians 
0._ ____ ~----?-----~----~----T---~ Photographs 
0 10 
BMI 
20 30 40 so 60 
Footnotes: a) width of image = biiliac breadths measured on photographs of individuals covering a 
range of BMis. and on images in each series adjusted using the formula la, section 2.2.2. 
b) width adjusted for height of photograph or image. 
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2.3.5 Methods for testing reliability of the Body Perception Instrument 
Ordering of photographs 
The numbers indicating the sequence of the photographs had been removed and 
replaced with a letter in the top left. hand comer to simplifY recording of the resulting 
sequence. These letters spelt out relatively uncommon words - ABSITOMEN, 
CHAMPIONS, ABDUCTION, and DISBRANCH - selected for the absence of 
repeated letters. Each series were assigned with a word. Subjects (51 Cook Island 
Maori, 50 Australians) were handed the four relevant series of photographs, which 
were shufiled and in no apparent order, and asked to arrange them in increasing order 
of size. 
Representation of photographs 
The same sex series of photographs were tested for inter-rater reliability using 
the weighted kappa (Kw) statistic and weighted kappa squared. The use of intraclass 
correlation (ICC) was considered and rejected; since ICC gave almost identical results 
to those of weighted kappa squared, it was considered to be of no additional value. 
Kappa is a measure of the proportion of weighted agreement corrected for chance88• 
2c) Kw=l-~ 
q'c 
where: Kw = weighted kappa 
q'o = Vi]Poij (the proportion of weighted disagreement as observed) 
q'c = Vi]Pcij (the proportion of weighted disagreement by chance) 
and Vij = disagreement weight 
Poi} = observed cell proportion 
Pcij = chance-expected proportion 
Weighted kappa required weighting the cells to a greater extent the further 
away they were from the diagonal. Disagreement weights were assigned as follows: 
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on the diagonal (agreement), Vij = 0; 
k·l cells adjacent to the diagonal, Vij = 1; 
k·2 cells, vij = 2 ...... up to vi}= 8. 
The kappa statistic has been criticised by Maclure and Willett89 for allowing 
arbitrary weighting of the results in cells not on the diagonal Maclure and Willett 
recommend the use of weighted kappa with squared weights, resulting in kappa values 
approximating the intraclass correlation coefficient. Although this criticism did not 
apply here (a system of realistic weighting was applied which increased with each 
subsequent cell from the diagonal, representing photographs at increasing distance 
from the photograph representing the same BMI) both weighted kappa (Kw) and 
weighted kappa squared were calculated. The weighted kappa squared values used 
were: 
Vij = 0; 
k·l cells adjacent to the diagonal, Vij = 12 = 1; 
k·2 cells, vi}= 22 = 4 .. .... up to Vij = 82 = 64 
Fi.fty·five females (30 Cook Island Maori, 25 Australians) were asked to select 
the photograph closest to their own body size from both the Polynesian and Australian 
female series. The procedure was repeated using the two male series with 50 males (25 
Cook Island Maori and 25 Australians). Weighted kappa and squared weighted kappa 
were also calculated between the Caucasian and Chinese series, using 51 females (26 
Chinese and 25 Australians) and 50 males (27 Chinese and 23 Australians). 
2.3.6 Results of reliability tests of Body Perception Instrument (BPI) 
Ordering of photographs 
Seventy·nine percent of the female photographic series and 83% of the male 
series were all arranged correctly in increasing order of size. On the occasions where 
errors occurred, it was mostly one pair of adjacent photographs were transposed; in 
only 3% of cases was more than one error made. Only one subject realised that the 
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correct sequence spelt a word, and then not until after the task was completed and she 
was leaving the table. 
Inter-rater reliability 
The resulting weighted kappa ofbetween 0.63 and 0.80, and squared weighted 
kappa of 0.81 - 0.93 were very acceptable (Table 2.4). Kappa values of 0.41 - 0.60 
represent moderate agreement, 0.61 - 0.80 substantial agreement, and those greater 
than 0. 81 excellent agreement beyond chance90• 
2.4 
TABLE 2.4: Weighted kappa (K.w) and squared Kw 
for Polynesian and Chinese photographic series 
compared with Australian series · 
GrouP.. Kw Kwsg_uared 
Females 
Polynesian series (n = 55) 0.66 0.87 
Chinese series (n= 50) 0.80 0.93 
Males 
Polynesian series (n = 50) 0.75 0.91 
Chinese series (n= 50) 0.63 0.81 
Footnotes: a) Kw (weighted Kappa statistic) 
b) Kw squared approximates intraclass correlation coefficient 
DISCUSSION 
2.4.1 Choice of method for measuring cross-cultural perception 
Previously used whole body distorting techniques (mirror, photograph and 
video) were only able to report results as a percentage deviation from the actual image. 
Artistic representations (drawings and silhouettes) suited cross-cultural studies, but 
used only consecutively numbered images. Although it was possible for a series of 
silhouettes to be developed from photographs of models of known weights and 
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heights, only one such instrument was found62 in which the height and shape variation 
made internal comparison difficult. A recent report using pairs of silhouette images of 
individuals of known BMI and WHR91 demonstrated the possibility of improving this 
technique, and variations along these lines may be used more in the future. Photo or 
video distorting techniques, using the subject•s own image, had been frequently used to 
estimate body perception34,37•43'65'67'69"76• A series of images appropriate to the group 
under study, with designated BMI values, and evenly spaced along a thin-to-heavy 
continuum, was best suited to questions relating to ideal male and female sizes as 
required by the current study. 
2.4.2 Advantages and disadvantages of the Body Perception Instrument 
Assigning BMis to each photograph permitted comparison with actual 
measured and recommended BMis. Because BMI increased by a constant increment 
between each image, an interval seale was created, allowing the use of parametric 
statistical analysis. 
There were three disadvantages in this method. Firstly, although a prepared 
series was adequate for questions concerning ideal attractive and healthy sizes, it 
would be preferable to relate to one•s own image when responding to questions about 
own body size. However, the use of the subjects' own image would require a portable 
computer, which was clearly unrealistic for a field study. Another disadvantage was the 
visual appearance of the images at the extremes of the series. While realistic in the 
middle of the BMI range, a very thin body has a skeletal appearance and is wider than 
it is thick since the size of the skeleton cannot be diminished. At the other extreme fat 
deposits concentrated abdominally, and shape varies more than was possible by simply 
ahering the width of an image. This criticism applied even when using the subject•s 
own photograph, and was a shortcoming of the VDT, not of the current modification. 
Despite these inadequacies, the BPI was surprisingly realistic. If respondents found it 
difficult to relate to the images, they were asked to consider width compared with 
height. The problem was further minimised for women, since the majority of women 
focus on the hips as the width of identification. Thirdly, the technique was unable to 
account for variation in body shapes. This was more of a problem among women in 
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whom body shape shows greater variability than do men's (see section 2.4.3}. 
Culturally appropriate series took some account of this. 
2.4.3 Validity and reliability of the Body Perception Instrument (BPI) 
Four different methods were considered for establishing validity, and three 
rejected. For the first, subjects were to be asked to place photographs of several 
individuals with a known BMI into the two series. However this would have tested 
subjects' perception rather than the photographs representation. 
Second, weight management specialists were asked to assign BMis to 
randomly selected photographs from the BPI and of individuals of known BMI. Again, 
this approach essentially tested the ability of the weight specialists to estimate body 
size (which, incidentally, varied considerably for both the images and the photographs 
of known BMI ) and not the instrument. 
Measurement of the surface area of the images in the series and photographs of 
subjects of known size relied on measurement not perception, but was constrained by 
n;tethodologicallimitations. The surface area was measured with NIH Image Analysis 
software after scanning each photograph into the computer. Unacceptable errors in the 
calculation of surface area resulted from inaccuracies in measurement of image height, 
and incorporation of non-body areas into the image due to different positioning of 
body parts (such as arms in front of the body) in a number of the images. Subjects' 
clothing were an additional source of error. The stronger relationship found between 
BMI and surface area in males could, in part, be attributed to the predominant use of 
Sheldon's naked male images with arms raised slightly from the sides, as opposed to 
. 
cloth~d female images. This method was also abandoned. 
Measurement ofbody breadths, the fourth method, was used for the validation, 
and could be considered the criterion method for validating this body perception tool. 
Body breadths were the most authentic measurement possible, on both the actual and 
created images, and less subject to error than surface area measurement. There was 
empirical evidence that the billiac and bitrochanteric breadths (two dimensional 
measures) were good predictors of BMI (a three dimensional measure) (T. Olds, 
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personal communication, 1996lootnotc 7 • The presence of clothing or positioning of the 
arms still made the identification of the extremes points of the breadths difficult, 
particularly in dressed images and were an additional source of error. The overlap of 
the 95% confidence intervals (Table 2.3) demonstrated that the polynomial regression 
fonnula produced realistic series of photographic images with assigned BMis which 
did not significantly differ from those of photographs of actual people covering a wide 
range of BMis, particularly for males. The fact that the BMI of the models used to 
develop the three ethnic series differed and yet the series coincided, added further to 
the validity. The results shown here also illustrated an important differences between 
male and female bodies. The formula used to develop the series was based on the 
assumption that the body is cylindrical. There is less overall variation in the more 
cylindrical male bodies. Female .figures, on the other hand, range from cylindrical to the 
classic 'l>ear" shape, resulting in lower (but still very high) correlation between BMI 
and breadth and greater variation in slope and intercept. 
Given the far from ideal experimental conditions (a quiet, undisturbed room, 
with adequate space for placing the photographs and no time limit), the high number of 
correct responses for ordering of the images suggested that the BPI represented 
images which increased in size across the given range. 
The method was also shown to transfer reliably to other ethnic photographic 
models, allowing the use of culturally appropriate series with different cultural groups. 
Even erring on the side of caution and taking the lower non-squared kappa results, the 
degree of concordance between the different ethnic and Caucasian series were shown 
to be highly acceptable. It has been recommended that confidence intervals, calculated 
by the "bootstrapping" method, be included to indicate the precision of kappa or 
' 
intraclass correlation coefficients92• Ahhough aware of the existence of the procedure, 
its use required a particular statistical package or employment of the services of a 
statistician, both of which were beyond the resources of the study; thus confidence 
intervals were not included. 
Footnote 7 This unpublished observation is based on the Australian Anthropometric Data Base, c/o 
Kevin Norton. University of South Australia 
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2.5 CONCLUSION 
Available methods for measuring body perception were reviewed, and none 
found to meet the required criteria for measuring perception across several cultural 
groups. Thus an instrument for cross-cultural examination of body perception was 
developed, validated, and found potentially reliable for use with several cultural 
1 groups. It remains for the BPI to be tested in the field. 
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CBAPTER3 
BODY PERCEPTIONS IN OBESE 
AND NORMAL WEIGHT 
AUSTRALIAN WOMEN AND MEN 
Objectives 
• to investigate body size perceptions in a sample of obese Australian adults and a 
control group of normal weight subjects from the same socioeconomic and cultural 
background; 
• to determine preferred body size in females and males in these two samples; 
• to compare these perceived and preferred sizes with their measured BMI; 
• to determine cultural body size preferences for females and males and acceptable 
~ ranges within an Australian sample. 
·~ 
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3.1 INTRODUCTION 
This chapter will report the testing of the Body Perception Instrument (BPI) in 
an Australian sample. The BPI was used to investigate body size perceptions and 
preferences for their own and the opposite sex in a sample of obese Australians, and to 
compare these perceptions to those of a normal weight group of Australians from the 
same city environment. 
3.1.1 Previous studies 
Many studies have investigated body perception. Most focussed on assessment 
of body size perception in subjects with anorexia or bulimia nervosa, or less .frequently 
with obesity; and included normal weight subjects primarily as controls (Appendix 
3.1; Table A3: subjects). The majority of these studies were in pursuit of criteria for 
identifying those with eating disorders, body image distortion being one criterion1•2• 
Restricting analysis to those studies of obese and normal weight subjects only, 
some interesting findings emerged. Amongst normal weight subjects in the papers 
identified and reviewed, 27 overestimated their perception of their own body size3"29, 
15 estimated accurately4.28.3°""2 ; and 9 underestimated6'11'43-49• When the analysis was 
restricted to those studies using whole body size estimations, the majority (9) 
estimated accurately or underestimated, with 3 overestimating (Table 3.1). In 5 
studies, some overestimated and some underestimated42,so.s3 (Table 3.1 ). Although the 
subjects were predominantly females, among those studies which included both sexes, 
females were more likely to overestimate their own body size than males4•10•17•20• 
Among the obese, own body size was overestimated in most 
' 
studies6•10.31.32•40'41-"3.S4; while 3 estimating accurately6.3s,49 and 3 underestimated29,39,s3 in 
only a few studies. The findings appear to be relatively independent of the investigation 
method; if restricted to whole body estimation techniques only (ie excluding body 
width methods) the majority still overestimated body size (Table 3.1). Thus the obese 
and women were more likely to overestimate. It should be noted, though, that the 
samples were from highly westemised countries, most commonly the USA, followed 
by Britain, Canada and Australia (Appendix 3.1; Table A3: country). 
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TABLE 3.1: Estimation of own body size by obese and normal weight subjects in 
body perception studies 
Weight statUti of Type of studies 
subiects 
Overestimation 
of body size 
Number of studies 
Accurate 
estimation of 
body size 
Normal weight All studies 27 15 
included1 
Whole body 3 9 
studies onli. 
Obese All studies 8 3 
included1 
Whole body 6 3 
studies onli, 
Footnotes: 1 Studies include estimates of body widths and of whole body size. 
Under estimation 
ofbodysize 
9 
8 
3 
2 
2 Studies include estimates of whole body size only. (see Table AJ.l, Appendix 3.1) 
Despite this plethora of studies, no estimate of body size (such as weight or 
BMl) was assigned to ~e images, limiting comment on the difference between 
measured size and estimated size to percentage difference in surface area or width of 
the image. Differences between perceived and preferred sizes were also considered this 
way, or as differences between numbers in a sequence of images. Secondly, most 
control subjects were students, and generally female. While these were suitable 
controls for subjects with eating disorder~ the posSJ."bility of generalising findings more 
widely to other segments of the population was somewhat limited. 
The use of images with designated BMis for assessing body perception allowed 
comparison between perceived, preferred and actual body size, and addressed the first 
limitation. Although not a representative sample, the choice of an adult population 
partly addressed the second limitation. 
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3.2 METHODS 
3.2.1 The Body Size Instrument (BPI) 
The development and validation of the BPI has been descn"bed in the previous 
chapter (Chapter 2, 2.2.2). The two series of photographs using Australian models, 
evenly distn'buted over a range ofBMis from 15- 45 kg/m2 for females and 17.5 -
4 7. 5 kg/m2 for males, were used as a stimulus to questions. Each series consisted of 
nine photographs, the upper limits chosen to account for the majority of weight control 
program clients from which the obese subjects were chosen. 
3.2.2 Subjects 
The BPI was tested in two groups of subjects: obese and normal weight. 
Obese subjects -
The obese subjects were drawn from a population presenting to a weight 
control program. These individuals came from across the Sydney metropolitan area 
with a slight preponderance from the inner city. Forty-eight percent had completed ten 
years of schooHng or equivalent; 14.4 % had reached school leaving ( 12 years); and 
21.5 % had some tertiary qualifications. All subjects commencing the program were 
asked to participate. As only 18 % of these were men, men were preferentially 
approached towards the end of the recruitment period. 
Normal weight controls 
Each obese subject was asked to nominate her/his own control using the 
'neighbour" method suggested by Stunkard and MessiclC5. The control was to be of 
the same sex, simHar age and similar attitudes to themselves (a relative or .fiiend was 
·suggested) and not overweight. 
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3.2.3 Procedure 
Anthropometry 
Weight of subjects in light clothing and no shoes was measured to the nearest 
0.1 kilogram on a stationary electronic scale. Height was measured (without shoes) to 
the nearest 0.5 centimetre with a wall-mounted stadiometer, and with the subjects' 
head in the Frankfort plane, feet together, and heels and buttocks touching the scale. 
These heights and weights were used to calculate actual BMI. 
Perception 
Respondents were presented with the two series of photographs (laid out and 
presented simu1taneously, arranged in increasing order of size, with numbers .from 1 to 
9 appearing in the top left-hand comer), and asked to indicate which best represented 
. 
- their own body size (perceived), their preferred body size, and the most healthy and 
most attractive sizes for their own and the opposite sex. The questionnaire is included 
in Appendix 3, 3.2. 
The first two choices were used to calculate the accuracy with which they 
estimate their own size and how satisfied they were with their body size 
3a) Accuracy ratio= measured BMI 
perceived BMI 
3b) Satisfaction ratio = preferred BMI 
perceived BMI 
Thus an accuracy ratio greater than 1 indicated underestimation, and a value less than 
1, an overestimation. The lower the satisfaction ratio score, the less satisfied the 
respondent. 
The healthy and attractive choices were assumed to indicate culturally 
acceptable sizes for women and men in this Australian population. Footnote 8 
Footnote 8 Throughout this thesis measured, perceived and preferred BMI values are stated in kglm2. 
Where values approximate a BMI value, this value will be stated without the inclusion of a standard 
error. 
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Respondents were also asked to group the photographs into oveiWeight, 
acceptable weight and lW.deiWeight categories for each sex, to identify acceptable 
ranges of body size. Cut-off points between the categories were calculated as the 
midpoints between them. For instance, the highest number photograph in the 
lW.deiWeight category and the lowest in the acceptable weight category; and between 
the highest acceptable photograph and the lowest in the oveiWeight category. 
3.2.4 Statistics 
Results are given as mean (standard error) except when indicated otherwise. 
Obese and normal weight control subjects were compared using paired t-tests. 
Associations between variables tested using Pearson's correlation. 
3.3 RESULTS 
3.3.1 Subjects 
Ninety subjects (50 women and 40 men) attending the weight control program 
and 90 sex-matched normal weight controls completed the body perception 
questionnaire. The subjects were well matched for age (Table 3.2). 
TABLE 3.2: Subjects included in the study 
Subjects Number Age in years BMiinkg/n? 
mean (SDJ mean (SE) 
Obese women 50 41.6 (14.3) 35.1 (1.1) 
Normal weight 
women 50 40.0 (15.1) 23.2 (0.6)*** 
Obese men 40 44.7 (16.1) 38.2 (1.5) 
Normal weight 
••• men 40 45.6 (16.1) 25.4 (0.5) 
Footnote; Compared within obese for the same sex: using paired t-tests: *** p<O.OOI 
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There was a significant difference in BMis between the females: 3 5.1 ± 1.1 
kg/m2 and 23.2 ± 0.6 kg/m2 for the obese and normal weight controls respectively (p < 
0.001); and for the male obese (38.2 ± 1.5 kglm2) and controls (25.4 ± 0.5 kg/m2) (p < 
0.001). Ages were similar for the obese and normal weight for each sex. Age and BMI 
were not correlated for either group of obese or normal weight males, but older normal 
weight females were heavier (r = 0.39, p = 0.005) . . 
3.3.2 Perceptions of self 
The obese of both sexes perceived themselves as having BMis greater than 
their measured BMis (Table 3.3), as did normal weight women. There were also 
significant differences between perceived and preferred sizes for all groups except 
normal weight men (Table 3.3). 
TABLE 3.3: Measurements, perceptions and preferences of body size 
BMI 
(!cglm') 
Own body size 
Measured BMI 
Perceived BMI 
Preferred BMI 
Areuracy 
Satisfaction 
Female body size 
Healthy 
Attractive 
Max.i.mum acceptable 
Minimum acceptable 
Male body size 
Women 
Obese Normal weight 
(n=50) (n = 50) 
35.1 (1.1) 23 .2 (0.6) 
39.0(0.9t 
24.0(0.7)b 
26.7 (0.8). 
23.1 (0.6)b 
0.87 (0.02) 0.89 (0.02) 
0.62 (0.02)· ·· 0.89 (0.02) 
22.3 (0.6) 22.6 (0.5) 
21.4 (0.5) 22.0 (0.5) 
28.4 (3.0) 28.3 (3.0) 
21.1 (2.5) 21.1 (2.1) 
Healthy 23.8 (0.5) 24.5 (0.5) 
Attractive 23.7 (0.5) 24.3 (0.5) 
Maximum acceptable 30.4 (3.8) 29.8 (4.0) 
Minimum acceptable 23.8 (2.3) 22.9 (2.0) 
Footnotes: a) Results expressed as mean BMI (SE) in Jqifm2 
Obese 
(n=40) 
38.2 (1.5) 
40.6 (1.1t 
26.3 (5.3)b 
0.90 (0.03)* 
0.65 (0.02)··· 
22.0 (0.8) 
22.1 (0.8) 
27.5 (4.0) 
20.9 (2.3) 
24.1 (0.7) 
24.3 (0.7) 
29.5 (4.1) 
22.7 Q:!2 
Men 
Normal weight 
(n =_40) 
25.4 (0.5) 
26.2 (0.9) 
24.8 (0.6) 
0.99 (0.03) 
0.97 (0.03) 
21.7 (0.6) 
22.0 (0.5) 
27.4 (4.1) 
20.9 (2.8) 
24.4 (0.6) 
24.6 (0.6) 
29.9 (4.3) 
22.7 (2.3) 
b) -p < 0.001 compared to measured; bp < 0.001 compared to perceived size; using paired t-tests. 
c) Compared within obese for the same sex using paired t-tests: *p < 0.05, • •• p<O.OOl . 
d) Healthy and attractive sizes compared between the obese and normal weight using t-tests; no 
significant differences. 
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3.3.3 Accuracy and satisfaction ratios 
There was a significant difference in the accuracy with which obese men 
estimated their own body size compared with the normal weight men. The accuracy of 
the two groups of women were very similar (Table 3.3). Heavier obese women were 
more accurate (r = 0.30, p < 0.05); as were younger normal weight men (r = -0.34, p < 
0.05). 
Not swprisingly, the obese were less satisfied with their current body size. As a 
t;nle, the larger the subjects, the less satisfied they were (obese women: r = -0.46; 
normal weight women: r = -0.45; normal weight men: r = -0.56; p < 0.005). The 
relationship between satisfaction and actual body size was also negative in the obese 
men, but it was not significant. Age was not a factor in the satisfaction ratio for any 
group. 
3.3.4 Ideal body sizes 
The healthy and attractive sizes chosen for both females and males did not 
differ between groups (Table 3.3). It appears that the accepted norm for a healthy, 
attractive Australian female size is a BMI of around 22, and for a male is slightly 
higher, around 24. Neither the measured BMI nor the age of the respondents was 
associated with the chosen ideal body sizes; with the exception of older normal weight 
males, who were more likely to accept larger sizes for attractive women (r = 0.44, p = 
0.005) and healthy men (r = 0.35, p = 0.028). The more satisfied subjects were with 
their own body size, the larger ideal sizes they chose for their own sex (Table 3.4). 
The acceptable BMis ranged from 21 to 28 for women, and 23 to 30 for men 
(Table 3.5). 
There was no significant difference between subjects and controls for either 
female or male acceptable ranges. Own body size (measured BMI) was not correlated 
with cut-off points. Neither was age, with the exception of normal weight males. Older 
men set higher mean cut-off points for overweight females (r = 0.31, p = 0.05), 
underweight females (r = 0.47, p < 0.01) and underweight males (r = 0.35, p < 0.05). 
In other words, older normal weight males accepted larger sizes than did younger 
normal weight men. 
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TABLE 3.4: Correlation between satisfaction and culturally 
ideal sizes chosen by obese and normal weight women and men 
Subiects Female Male 
Healthy Attractive Healthy Attractive 
Obese women 
••• (n= 50) 0.51 0.33 0.07 0.18 
Normal weight 
women (n =50) 0.32* 0.32* 0.30* 0.36** 
Obese men 
(n=40) 0.06 0.16 0.49** 0.52** 
Normal weight 
men (n = 40) 0.26 0.20 0.28 0.36* 
Footnote: a) Results expressed as mean BMI (SE) in kg/m2 
b) Association between satisfaction ratio and ideal sizes tested using Pearson 
• • •• • •• correlation: p < 0.05~ p < 0.01; p < 0.001 
TABLE 3.5: Mean cutMoff points for overweight and underweight 
-categories chosen by subjects 
Subjects Female Male 
Cha_eter 3 
Overweight Underweight Overweight Underweight 
mean BMI (SE) mean BMI (SE) mean BMI (SE) mean BMI (SE) 
Obese Vr"Omen 
(n= 50) 28.4 (3.0) 21.1 (2.5) 30.4 (3.8) 23.8 (2.3) 
Normal weight 
women (n = 50) 28.3 (3.0) 21.1 (2.1) 29.8 (4.0) 22.9 (2.0) 
Obese men 
(n=40) 27.5 (4.0) 20.9 (2.3) 29.5 (4.1) 22.7 (1.8) 
Normal weight 
men~n=40~ 27.4 ~4.1~ 20.9 ~2.8~ 29.9 ~4.3~ 22.7 ~2.3~ 
3.4 DISCUSSION 
3.4.1 Assessment method 
On the whole, subjects found no difficuhy in using the BPI, despite the 
shortcomings noted in the last chapter. Body sizes do vary, and some respondents 
wanted to select the top half of one photograph combined with the bottom half of 
another in their answers. In such cases they were instructed to consider the overall 
width for height, rather than concentrating on shape. 
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3.4.2 Subjects and controls 
All those presenting to the weight control program were offered the 
opportunity to participate in the study. There may have been some degree of selection 
bias in those taking part (as occurs in any study where participation is voluntary), but 
there is no good evidence that the Subjects differed from the general program 
population. 
The subjects and controls were well matched for age. Obesity and 
socioeconomic status exhibit a strong inverse relationship for women in developed 
societies, and attitudes towards obesity may be one explanation for this phenomenon56. 
There is little consensus about the concept or how to measure socioeconomic status56, 
and thus matching subjects and controls on the basis of socioeconomic status is 
problematic. The selection of controls by the subjects themselves, the 'neighbour" 
method 55, was one way to locate controls well matched for socioeconomic status, not 
·only for parameters such as educational status but also for more subtle aspects such as 
similarity in background and attitudes. This method resulte-d in better matched controls 
than possible from more established means of selection (such as hospital staff or 
patients from other outpatient clinics). 
3.4.3 Perceptions of self 
When the average BMis for female and male controls were compared, the 
average for the women was near the middle of the acceptable weight range used in 
Australia (20 - 25 kg/m2) 57, while that for men was verging on overweight (25 - 30 
kg/m2). Female controls tended to overestimate their own body size to a similar degree 
to the obese women, while control men were fairly accurate in their estimation ofbody 
size. The fact that female controls gave their actual Bl\tll as their preferred size was 
further evidence of the distorted view of self among women generally in the Australian 
community. 
These results supported those findings of others that normal weight women 
tend to overestimate while men were more likely to be accurate in judging their own 
body size4-10' 12' 29• However the studies using whole body methods to investigate body 
perceptions of the obese and controls mostly concluded that the obese overestimated 
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.while controls did not28.3°-32.36.3844.s4. In addition, this study was able to state the 
differences between perceived and measured size, and how these sizes related to the 
healthy weight ranges recommended for the Australian population 57• 
3.4.4 Accuracy and satisfaction 
The finding of less overestimation among the more obese, was contrary to 
previous results54• This may have resulted from providing a restricted range of body 
sizes from which to select, and should be noted as a shortcoming of this body 
perception assessment method. When respondents stated that they perceived 
themselves as larger than the largest photograph, or if their BMI exceeded the largest 
in the range (4 women, 5 men), their perceptions of own body size were not included 
in the statistical calculations. An advantage of subjects working directly with a video or 
computer image is that the device places less restriction on the amount of distortion 
permitted. However, the difficulties of using these in field studies has been previously 
discussed. 
The obese were the least satisfied with their current body size, followed by 
control women; control men were reasonably satisfied. 
3.4.5 Ideal body sizes 
The healthy and attractive sizes for both sexes were expected to be an 
indication of the culturally acceptable sizes for Australian women and men. 
Expectations were confirmed, in that the average preferred, attractive and healthy sizes 
and acceptable range for women were lower than for men. In Australia, a range of 
BMI~ from 20 - 25 kg/m2 as the healthy range, 25 - 30 kg/nt as overweight, ·and 2: 30 
kg/m2 as obese are recommended for both sexes57• The acceptable range given by the 
male respondents in this study began in the middle of the acceptable, and extended 
through the overweight range. The range was lower for women. The similarities in the 
ideal sizes and ranges given by the obese subjects and contro~ and between women 
and men, suggested that these do reflect wider Australian attitudes to body size and are 
socially dictated. Older control men accepted larger sizes for women than did younger 
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men, which may indicate a change in the socially acceptable size of women perceived 
by men in recent years. 
It has often been stated that males in general in western society have more 
positive attitudes towards larger sizes, and females towards smaller sizes5• 6.s6.s8.s9• 
Interpretation ofhow this affects perceptions differ. Dissatisfaction among women has 
variously been interpreted as resulting in an overestimation of their own body size5 ; or 
an underestimation6 with the tendency to overestimate being specific to those with 
eating disorders. In the ensuing years, there has been much examination of body image 
distortion as an indicator of eating disorders60• It now appears firirly widely accepted 
that women are more concerned with, and aware of: their own body shape and its 
deviation from the ideal; and that western society encourages woman to be more 
. interested in their bodies than it does men. This study supported the view that there 
was social pressure on women to strive towards a slimmer ideal body size, overweight 
Jllen (who actually form a larger percentage of the population) being more accepted, 
resulting in over concern among women of acceptable weight with their deviation from 
their ideal, and a perception of themselves as being larger than life. 
3.5 . PROPOSAL FOR FURTHER INVESTIGATIONS 
This study showed the BPI to be adequate for eliciting responses on body 
perceptions and preferences. It confirmed differences in perception by women and men 
of: and in their satisfaction with, body size in a sample of the Australian population. It 
suggested that there was a difference in perceived ideal (both attractive and healthy) 
body sizes for women and men, despite the fact that recommended acceptable ranges 
are the same for females and males in Australia 57• 
Further studies in a different cultural group were needed to investigate the 
effect of cultural influence on perceptions and preferences. In this regard, the first 
population investigated was the Cook Island Maori, a population ofPolynesian origin, 
with large body size and a reported preference for the same. 
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CHAPTER4 
A COMPARATIVE STUDY OF BODY 
PERCEPTIONS AND BODY COMPOSITION 
IN COOK ISLANDS MAORI AND 
AUSTRALIANS 
Objectives 
• to measure body size perception and preferences in a group of Cook Island Maori; 
• to compare these to perceptions and preferences in a group of Caucasians who 
were matched for age, sex and body mass index (BMI); 
• to assess the use of bioelectrical impedance analysis as a method for measuring 
body composition in different ethnic groups. 
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4.1 INTRODUCTION 
4.1.1 Traditional Polynesian body types and preferences 
Although the Polynesians first encountered Europeans in 1595; early European 
accounts date from the latter half of the eighteenth century and can be assumed to be 
of a fairly pristine Polynesian people and culture. These reports descn'bed Polynesian 
men as very robust and well built, especially in the limbs, with broad chests1.2 and "legs 
so thick that they appear swol1en',2. Women differed less in size from men than did 
European women, and were short, with thick waists and legs1.z. Chiefs were almost 
invariably "of larger make"1 than the rest of the population; and "a tendency to 
corpulence (among the middle aged of the higher classes, particularly 
women), ... seem( ed) to be the consequence of a more indolent life" 1• Large body size 
was considered a prerequisite for beauty, health and happiness3'4, with bigness denoting 
-prestige and high status1•5, in circumstances where there was a constant .threat of 
.famin 2 e . 
It would seem that the Polynesian body proportions and preferences were 
larger than that of Europeans. The implications of these preferences and proportions in 
relation to the use of Caucasian-based weight ranges for population groups in the 
Pacific has recently been questi.oned6•7• 
4.1.2 Cook Islands and growing western influences 
The Cook Islands consist of fifteen islands and atolls, with a population of 
about 18,000, half of whom live on the main island ofRarotonga. The islands became a 
British Protectorate in 1888, were later annexed by New Zealand, and gained internal 
self-government in 1965 while remaining a New Zealand protectorate. Close economic 
and social contact have been retained with New Zealand4•8• 
There has been considerable western influence in the Cook Islands. Early 
European contact began with the missionaries in 1823, and gradually increased through 
foreign traders and planters. Young men were recruited last century for whaling and 
indentured labour for the guano deposits in the Pacific9• Since annexation the islanders 
have had relatively free access to New Zealand9• 
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The diet in Rarotonga is changing with an increasing reliance on imported 
foods, and the population is consuming more sugar, salt and anima] :tat and less bulky 
starch foods and fibre10• Television (mostly showing re-nms of American, Australian 
and New Zealand programs) was introduced in 1990, and a wide variety of videos and 
magazines are now available. The Cook Islands have thus been introduced to western 
perceptions ofbody size where health, beauty and status are embodied in a thin :figure, 
particularly for women. In addition, obesity and obesity-related problems such as type 
2 diabetes have increased and are now prevalent11•12• 
4.1.3 Indicators of body fat 
The majority of studies of body size in Polynesians have reported findings in 
terms of BMI. Being epidemiological studies, techniques for assessing body 
composition have been limited to the measure of skinfold thicknesses. However 
skinfold data ftom very large subjects are imprecise, and Polynesians have very firm 
skin which adds further to measurement inaccuracies (V. Havalatau, Nutrition Planning 
Coordinator, Central Planning Department, Kingdom of Tonga. Personal 
communication, 1996). Some previous attempts to assess body fatness in Polynesians 
using skinfold callipers were abandoned, due to technical difficulties of taking accurate 
skinfolds ( eg 7; Havalatau, Personal communication, 1996). A number of the subjects 
in the ongoing Brown University's study of Samoans in transition were found to 
exceed the maximum capacity of the skinfold callipers, limiting the validity of the 
results13• Thus another method was required for measuring body fat. 
Bioelectrical impedance (BJA) can be used as an index of total body water, and 
by extrapolation, fat free mass (FFM). Electrical conductance is highest in hydrous lean 
body tissue, and impedance greatest in adipose tissue. BJA is a quick, safe and easy 
method to use in the field, involving the introduction of a low amperage current 
through electrodes attached to the hands and feet14• Foom.te 9 
Footnote 9 A thorough review of measurement of body composition will be presented in the next 
chapter. 
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4.2 METHODS 
4.2.1 Study populations 
Cook Islands Maori 
Cook Islands Maori subjects were from the village of Tutak:imoa on the main 
island of Rarotonga, although a high percentage of the residents were originally from 
the outer Cook Islands. All residents of the village over twenty years of age were 
approached. The response rate was 80% (132/166). There were fewer males (n = 65; 
response rate = 75%) than female (n = 101; response rate = 82%), reflecting the 
migratory nature of the community with men often away in New Zealand or in the 
outer islands. 
Australian matched sample (body perception study) 
The Australian sample for the perception study were urban Caucasians matched 
for sex, age and BMI with the Cook Islands subjects. The Australians were selected 
from a pool of over 300 individuals, 190 of which were subjects in the previous study 
reported in Chapter 3. The remainder were a convenience sample of hospital staff or 
outpatients or well respondents from across Sydney. 
Australian Caucasian sample (body composition study) 
The Australian Caucasians used in the body composition study were selected 
from a representative sample (n = 495) of the adult population of Melbourne assessed 
as part of a wider survey by the National Heart Foundation15• The Cook Islands 
subjects were younger (females by 4.4 years, p< 0.05; males by 7.9 years, p< 0.001) 
and heavier (females by 12.5 kg; males by 10.8 kg) than these Australians. Thus a sub-
sample of the Australian subjects (76 females; 45 males) were matched with Cook 
Island Maori for sex, age and weight for the analysis. They were aged between 20 and 
70, and reported their ethnicity as European. 
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4.2.2 Body perception study: procedure 
The BPI was used; the Pacific island series for the Cook Island Maori subjects, 
and Caucasian series for the Australians. The Pacific Island series included additional 
images, the female covering a range in BMI from 18.8 - 52.5, and the male series 
ranging from 17.5 - 51.3 to accommodate the expected body sizes of the subjects. 
Respondents were weighed and measured, and the body perception data 
collected using the procedure previously descn'bed (Chapter 3, 3.2.3). The ''most 
healthy" and 'most attractive" scores for each sex were very similar and so were 
expressed as a mean ''ideal" size for each sex. 
4.2.3 Body composition study: procedure 
Bioelectrical impedance measurements were taken on the Cook Islands Maori 
-using a SEAC Single Frequency Bioimpedance Meter 3.0 (Uniquest, :Qrisbane). The 
machine is small, easily portable, and operates using rechargeable batteries. It is thus 
particularly suited to field studies. An RJL bioelectrical impedance analyser 101 (RJL 
Instruments, Detroit) was used in measuring the Australians. 
Both these instrumeilts used a four tenninal configuration. Electrodes were 
placed on the dorsum ofthe right hand at the wrist and at the distal metacarpals, and 
across the medial ankle bone and at distal metatarsals on the superior side of the right 
foot, in accordance with the manufacturers' instructions. The drive and sense 
electrodes were at least 4 em apart on each hand and foot. A small alternating 
electrical current was introduced into the body through the drive electrodes (at the 
metacarpals and metatarsals) and the resulting potential difference measured with sense 
electrodes (at the ankle and wrist). 
Cook Island subjects were not fasted and were lying supine while the 
measurements were taken. Australians were fasted for four hours and in a semi-
reclined position. In both groups the subjects were relaxed with their hands by their 
sides but not touching their bodies and their legs slightly apart so that their thighs were 
not touching. 
Since different BIA instruments were used with each population, the reliability 
of measurement of the two instruments were tested. Resistance and reactance values 
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were obtained on 19 subjects using both machines. The SEAC gave slightly higher 
readings for resistance (mean differences = 8.4 ohms; range = -29 to 46 ohms; r = 
0.98) and reactance (mean differences= 8.8 ohms; range= -4 to 22 ohms; r = 0.90)16• 
The SEAC results were adjusted down by this amount to make them compatt'ble with 
those obtained from the RJL. 
Resistance and reactance measurements from bioelectrical impedance analysis 
(BIA) were compared for each population. Multiple regression techniques were used 
to calculate non-fat mass using a number of previously published fornmlae. These 
equations are shown in Table 4.1. Percent body fat (%fat) was calculated as the 
difference between FFM and the body weight. 
TABLE 4.1: Published equations for predicting fat free mass (FFM) from 
bioelectrical impedance (BIA) 
Variable Lukaski1 van Loan----x- Sec;;f- Segar Segaf Segaf 
(males (males (females (females 
<20%[at~ >20%[at) <30%[at) >30%[at~ 
Heighrt 0.734 
resistance 
Resistance - 0.02375 - 0.02117 - 0.02999 -0.01397 -0.01466 
(ohms) 
Heigbr o.ooo85 o.ooo664 o.ooo885 o.ooo64602 o.ooo91186 
(cm2) 
Weight (kg) 0.116 0.3767 0.62854 0.42688 0.42087 0.2999 
Reactance 0.096 
(ohms) 
Sex (F=O~ 0.878 
M=l) 
Age (years) · - 0.1531 - 0.1238 - 0.07002 -0.07012 
Interce,et -4.03 17.868 9.33285 14.52435 10.43485 3.7938 
Footnotes: a) References 1Lukaski et al. 198517; \ran Loan & Maylin. 198718; 3S~gal et~ 198819. 
4.2.4 Statistics 
Results are given as mean (standard error) except when indicated otherwise. 
Ethnic groups were compared using t-tests. Associations between variables were 
tested using Pearson's or partial correlations. Regression statistics were used to 
indicate ethnic differences in bioelectrical impedance measurements; these were also 
illustrated as plots. 
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4.3 RESULTS 
4.3.1 Body perception study 
Subjects 
Only those claiming Polynesian extraction were included in the Cook Islands 
sample, giving a total of 83 women and 49 men in the analysis. Australians were 
matched for age and BMI (Table 4.2). Measured BMI increased with age in the Maori 
women (Pearson's r = 0.20; p < 0.05), with the heaviest decade being the 40s (BMI = 
32.2 ± 1. 5 kg/m2). Maori men did not show the same increase in BMI with age; those 
in their 30s were the heaviest (32.0 ± 2.2 kglm2). Australians showed the same weight 
patterns as they were matched for BMI and age. 
TABLE 4.2: Subject characteristics: body perception study 
Subjects Number Age in ye(ll's) BMiinkg/m1 
mean (SE) mean (SE) 
(range) (range) 
Cook Island women 83 40.6 (1.7) 29.9 (0.7) 
(20-75) (18- 47) 
Australian women 83 40.3 (1.7) 29.9 (0.7) 
(19 -74) (19- 48) 
Cook Island men 49 36.4 (2.1) 29.5 (0.7) 
(20- 70) (22- 43) 
Australian men 49 36.3 (2.0) 29.5 (0. 
(18- 67) (18- 46) 
Perceived size 
Cook Islands women chose perceived body size close to their measured body 
size, while Cook Islands men and Australians overestimated (p < 0.001) (Figure 4.1; 
Table 4.3). Perception of current body size was also considered across different ages 
and body sizes. Cook Islands women were remarkably accurate, regardless of age and 
actual body size (ie no significant differences between mean measured and perceived 
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BMI). Men with a BMI below 25 kg/~ of both ethnic groups were also accurate in 
their estimation of their body size. 
FIGURE 4.1: Measured, perceived and preferred BMis 
for Cook Island Maori and Australians. 
35~----------~~------------------~ 
30 ,._....,----------------
25 
women women men men 
DMeasured BMI 
ED Perceived BMI 
.Preferred BMI 
Footnotes: a) Cook Island Maori and Australians matched for age. sex and Blvfi. 
b) Bars show means; Table 4.2 gives mean (SE) and significant differences. 
Body size preferences 
Women of both ethnic groups had similar body size preferences (BMI of 
around 23.5 kglm2) (t = 0.26, ns) (Table 4.3; Figure 4.1). Preferred sizes increased 
with age (Pearson correlation: Cook Islands women= 0.41; Australian women= 0.31; 
p < 0.01). Only those Cook Islands women with a BMI less than 25 kglm2 were 
sa~ed with their size (measured= 22.0 ± 0.5 kglm2; perceived= 20.5 ± 0.6 kg/m2; 
preferred= 21.5 ± 0.8 kg/m2), while those above, and Australian women of all sizes, 
chose preferred sizes smaller than their perceived sizes. Cook Islands men preferred 
larger body sizes than those of Australian men (t = 2.21; p <0.05) (Table 4.3; Figure 
4.1 ). There were no age or BMI effects for men. 
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TABLE 4.3: Measurements, perceptions and preferences of body size 
BMI Women Men 
(kglnl) 
Cook Islands Australian Cook Islands Australian 
(n=83) (n=83) (n =49) (n =49) 
Ownbodysiu 
Measured BMI 29.9 (0.7) 29.9 (0.7) 29.5 (0.7) 29.5 (0.8) 
Perceived BMI 29.2 (1.0)** 34.8 (0.8) 33.7 (1.8)* 31.6 (1.1) 
Preferred BMI 23.4 (0.5) 23.7 (0.5) 27.9 (0.8)* 25.5 (0.6) 
Female body site 
Ideal 24.0 (0.5)** 22.2 (0.4) 24. 8 (0.6)* 22.7 (0.6) 
Acceptable( max) 29.9 (0.4) 30.2(0.4) 30.0 (0.5) 29.0 (0.5) 
AcceEtable(min) 21.5 (0.4)*** 19.2 (0.4) 22.2 (0.5)*** 18.4 (0.4) 
Male body site 
Ideal 27.2 (0.6)*** 23.8 (0.4) 26.7 (0.5)* 24.8 (0.5) 
Acceptable( max) 34.3 (0.5)*** 31.7 (0.4) 32.8 (0.8) 31.3 (0.5) 
Acceptable( min~ 23.5 (0.4)*** 20.5 ~0.3~ 20.5 (0.5)*** 22.8 ~0.4~ 
Footnotes: a) Results expressed as mean BMI (SE) in k¥)m2• 
b) Ethnic groups compared within each sex using t-tests: * p<O.OS; ** p<O.Ol; *** p<0.001 
Ideal body sizes 
Cook Islands subjects chose larger ideal body sizes for both females and males 
than did the Australians (Table 4.3; Figures 4.2 and 4.3). Overall, women and men 
within the same ethnic group chose similar ideal sizes. Cook Islands women and men 
chose larger ideal female sizes with increasing age (r = 0.43, p < 0.001; r = 0.34, p < 
0.05 respective]y) (Table4.4). Older Cook Islands women also chose larger ideal male 
body sizes (r = 0.38, p < 0.001) (Table 4.4). To examine the possible confotmding 
effects of own body size, partial correlations were performed but showed little or no 
effect. Ideal sizes chosen by Australians were not effected by age or own body size. 
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of acceptable BMI ranges and ideal body sizes for females 
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Footnotes: a) Lower and upper limits were calculated as the midpoints between the 
highest number photograph considered underweight and lowest considered acceptable, 
and between the highest acceptable and lowest overweight 
b) Light bars show ranges. heavy bars show ideal BMI 
FIGURE 4.3: Judgements by Cook Island Maori and Australians 
of acceptable BMI ranges and ideal body sizes for males 
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Footnotes: a) Lower and upper limits were calculated as the midpoints between the 
highest nwnber photograph considerep underweight and lowest considered acceptable, 
and between the highest acceptable and lowest overweight. 
b) Light bars show ranges, heavy bars show ideal BMI 
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TABLE 4.4: Cultural ideal female and male BMis for different sex and age 
groups 
Females Males 
Age N Cook Island Australian N Cook Island Australian 
group Maori (kglm? (kglnf) Maori (kglnf) (kglnf) 
Female cultural ideal sizes 
<30 25 22.4 (0.6) 21.5 (0.5) 20 23.6 (0.9) 23.0 (0.7) 
30-39.9 17 22.3 (1.2) 23.3 (0.9) 11 24.3 (0.8) 23.8 (2.0) 
40-49.9 19 23.7 (1.0) 22.6 (1.0) 8 25.1 (1.2)* 21.2 (0.6) 
>50 22 27.4 1.2)*** 21.9 0.7 10 27.2 (1.9)* 22.0 1.2 
Male cultural ideal sizes 
<30 25 25.3 (0.9) 23.9 (0.6) 20 26.2 (0.8) 25.9 (0.7) 
30-39.9 17 25.8 (0.9) 24.0 (0.9) 11 26.6 (0.7) 25.0 (1.4) 
40-49.9 19 27.9 (1.3)* 23.7 (1.1) 8 27.4(2.0)* 22.1 (1.0) 
>50 22 29.7 (1.1)*** 23.5 (0.6) 10 27.3 (1.2) 24.7 (0.8) 
Footnotes: a) * p<0.05; *** p<0.001 using t-tests. 
b) Ethnic differences indicate ideal sizes increases with age among Cook Islands Maori. 
while ideal sizes remain unchanged with increasing age among Australians. 
Acceptable ranges 
Acceptable size ranges for women were narrower for Cook Islands Maori than 
those given by the Australians (Table 4.3, Figures 4.2), smaller body sizes being less 
acceptable. The maximum acceptable male size chosen by Cook Islands subjects was 
also slightly larger than for Australian males (Table 4.3, Figure 4.3); but only 
statistically different for the women's choice (t = 3.78; p < 0.001). Again partial 
correlations were performed and showed little or no effect of own measured size. 
Older Cook Islands women chose a larger upper size limit for female (partial corr = 
0.22; p < 0.05) and male body size (partial corr = 0.28; p < 0.01). Older Cook Islands 
men .also chose larger body size for the upper and lower limits for females (Upper: 
partial corr = 0.28; p < 0.05: Lower: partial corr = 0.40; p < 0.01). In other words, the 
older men showed a preference for larger body size in women, and older women 
preferred larger sizes for both men and women. There was no effect of age nor own 
body size on Australians' choice of upper and lower limits. 
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4.3.2 Body composition study 
Subjects 
Population characteristics of the matched groups appear in Table 4.5. Groups 
were well matched for age, BMI, weight and height, but mean resistance and reactance 
differed sigrtificantly between ethnic groups. It was not possible to match all Cook 
Islands subjects with Australians, due to the larger body size of Polynesian group, 
hence the slightly smaller number of subjects in the body composition study compared 
with the body perception study. 
TABLE 4.5: Subject characteristics of Cook Island Maori and Australians: 
body composition study 
Ageinyears BMlinkg/m1 Resistance Reactance 
mean (SE) mean (SE) mean (SE) mean (SE) 
Ethnic group Number (range) (range) (range) (range) 
Cook Island women 76 40.0(1.7) 28.5 (0.7) 473.9 (7.8) 51.2 (1.4) 
(20 . 75) (18. 46) (319- 630) (23. 85) 
Australian women 76 41.1 (1.7) 27.7 (0.7) 597.6 (7.8)*** 70.5 (1.2)*** 
(20. 69) (18- 46) (413 -758) (43 - 88) 
Cook Island men 45 36.7 (2.3) 28.7 (0.6) 393.1 (7.5) 48.4 (1.6) 
(20- 70) (22- 36) (291- 516) (24- 66) 
Australian men 45 36.8 (2.3) 28.4 (0.6) 497.2 (7.3)*** 66.3 (1.5)*** 
~20 - 69~ ~23- 36~ ~407- 611~ ~47- 90~ 
Footnote: Ethnic groups compared within each sex using t-tests: *** p<O.OOl 
Body fat estimations 
Percent body fat for both groups of subjects, calculated with existing widely 
used equations, is given in Table 4.6. There were significant differences in mean body 
fat between the Cook Island Maori and Australians across all BMI categories, with the 
exception of the men with BMI between 20 and 25 kg/m2 using the van Loan and 
Segal formulae. 
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TABLE 4.6: Predicted percent body fat in Cook Island Maori and Australian 
subjects by BMI category, using equations derived from Caucasian data 
Women Men 
Formula BMlrange Cook Island Australian Cook Island Australian 
(n) (n) (n) (n) 
Lukaski17 20-24.9 kg/m2 22.3 ( 1.3) 30.9 (1.32)*** 14.8 (1.6) 24.2 (1.1)*** 
(17) (20) (10) (11) 
25-29.9 kglm2 30.4 (0.9) 39.4 ( 1.0)*** 20.4 (1.2) 30.8 (1.5)*** 
(28) (29) (18) (18) 
30-34.9 kglm2 36.0 (1.2) 45.4 (1.2)*** 21.2 (1.9) 36.6 (1.1)*** 
(15) (13) (12) (14) 
vanLoanis 20-24.9 kglm2 23.0 ±(0.7) 27.9(1.4) .. 22.5 (1.2) 24.9 (0.7) 
(17) (20) (10) (11) 
25-29.9 kglm2 31.9 (0.6) 35.4 (0.8)** 28.9 (0.7) 32.1 (1.0)* 
(28) (29) (18) (18) 
30-34.9 kg/m2 35.3 (0.1) 38.9 (1.0)** 31.8 (0.8) 34.7 (0.6)** 
(15) (13) (12) (14) 
Segall9 20-24.9 kg/m2 24.2 (0.4) 26.9 (1.0)* 14.6 (1.5) 16.5 (1.0) 
(17) (20) (10) (11) 
25-29.9 kg/m2 30.9 (0.9) 37.7 (1.1)*** 19.0 (1.0) 25.9 (1.7)** 
(28) (29) (18) (18) 
30-34.9 kglm2 42.1 (0.4) 44.0 (0.6)* 22.6 (1.8) 29.0 (1.7)* 
(15~ p3~ ~i2~ p4~ 
Footnotes: a) Results given as mean BMI (SE). 
b) Ethnic differences, using t-tests • p < 0.05, •• p < 0.01~ ••• p < 0.001. 
Differences in resistance and reactance 
Figures A4.1- A4.4 (Appendix 4} show plots of resistance and reactance with 
BMI for females and males in each population. A series of multivariate models was 
developed, first introducing ethnicity, and then an interaction term between BMI and 
ethnicity. The regression coefficients were not significantly different, except in the case 
of reactance in women, but the intercepts terms were different in all instances (p< 
0.001) (Table 4.7). 
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TABLE 4. 7: The statistics of the regression of resistance and reactance on 
BMI in women and men of different ethnic groups 
Men 
Jil It 
Resistance 
Cook Island -8.51 116.53 0.58 -8.89 648.58 0.50 
Australian -6.95 790.19 0.37 -6.19 672.72 0.21 
Between ethnic 
groups t= -1.18 -14.69*** 0.71 -1.26 -12.05*** 0.69 
Rt1adance 
Cook Island -1.16 84.19 0.34 I -1.39 88.46 0.27 
Australian -0.59 86.76 0.11 -1.02 95.24 0.12 
Between ethnic 
t= -2.18* -11.65*** 0.56 -0.74 -8.83*** 0.54 
Footnote: a) Results expressed as mean (SE) in ohms. 
b) Ethnic groups compared within eai:h sex using t-tests: * p<O.OS; ** p<O.Ol; *** p<0.001 
4.4 DISCUSSION 
4.4.1 Subjects 
The Australians used in the perception study were well matched for sex, age 
and BMI, and could thus be described as an overweight Australian sample. Using some 
subjects from a weight program was not expected to bias the results; perception and 
preferences did not differ between weight clinic patients and neighbour controls 
(Chapter 3), nor between the clinic and non-clinic recruits used here. 
Subjects in the body composition study were also well matched and both came 
from representative samples of their respective populations. 
4.4.2 Cross cultural comparison of body perceptions 
The preferences of Cook Islands Maori women differed with age; the ideal 
body size chosen by younger women was no different ftom that of Australian women, 
although the older Cook Islands women chose larger ideal body sizes. These results 
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suggest that the body size preferences of Cook Islands Maori, and particularly women, 
are currently undergoing change. The differences in preferences with age could 
indicate that the gradual reduction in ideal body size experienced in western societies20 
is being adopted by young Cook Islands women. This may be the result of the close 
contact with New Zealand and growing western media influences. Alternatively, it 
could be that younger women in general prefer smaller body sizes, and these prefurred 
and ideal sizes increase with natural body size; that is, that preference is determined by 
the actual body size of the group and not by fashion. However, the analogous 
relationship between ideal female body sizes and age in Cook Islands men, and the 
similarity and stability of Australians' preferred ideal sizes across all ages, supports the 
initial interpretation. 
If this change is indeed occurring with increasing we stem influence, Polynesian 
perceptions of ideal body size. are probably highly dependent on their degree of 
westernisation. A study on body attitudes conducted in Western Samoa21, albeit using 
different methodology, found that larger sizes were still more acceptable in that 
community; where there had been less European influence than in the Cook Islands. 
When Western Samoans were compared with Samoans in Auckland, the women 
residing in New Zealand preferred to have smaller body sizes than those who remained 
in Samoa22. It will be interesting to explore the perceptions in other ethnic groups to 
either support or challenge this conclusion. 
Despite moving towards western preferences for slimness, self-perception by 
the Cook Islands women were accurate. This may be because they do not as yet have 
the distorted judgements about their own body size that is common among western 
women. It is possible that the lowering of acceptable and ideal body sizes for Cook 
Islands women may at some stage be accompanied by increasing dissatisfaction and 
distorted body perception seen in western women. Although assessed using a tool 
which could not quantify actual perceived size (ie with a series of graded drawings), 
Samoan women in New Zealand ~verestimated their own size22; it appears that those 
living within a western society where there is a constant barrage of slim expectations 
for women may be more suscepttole. This may be a cause for concern; expectations of 
body size should be appropriate to body build, and if these are set too low there may 
possibly be a potential danger of the development of eating disorders. 
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Ideal sizes chosen by Australians were judged similarly by both sexes and all 
age groups. These results were consistent with the findings reported in the previous 
chapter. Both Cook Island and Australian men showed consistency in their preferred 
and ideal sizes, regardless of age, suggesting true ethnic differences in men's 
preferences which were appropriate to body build, and supported the use of this 
technique for identifying cultural preferences and differences in body size perception. 
Comparing the chosen ideal and preferred BMis with the Australian healthy 
weight range of 20 - 25 kg/m2 23, Australian females were placed in the centre of the 
range, while Australian males and Cook Islands females were close to overweight. 
Cook Islands males were in the middle of the overweight range {25- 30 kg/ m2) and 
higher than the other groups. However, these Caucasian standards may not be 
appropriate for use in Polynesian populations. 
4.4.3 Ethnic differences in bioelectrical impedance and body fat 
measurements 
Bioelectrical impedance is a practicaL simple method for use in population 
studies, but not a reference method for estimating body composition. Regression 
formulae are specific to the populations in which they were derived, and the equations 
used in the analyses here were developed in various Caucasian population groups and 
may not accurately reflect body fat levels of the Cook Islands Maori In order to better 
assess %fat in Polynesians, measurements need to be taken using a "gold standard" 
method together with a method suited to field work. The issue of appropriate 
measurement for body fat will be discussed in more detail in the next chapter (Chapter 
5). 
Differences in machines and experimental conditions may have contributed to 
the observed ethnic differences reported here. Small measurement differences in 
resistance and reactance were demonstrated between the two instruments, and 
adjustments made to account for these differences. Non-fasting state and prior exercise 
in the Cook Island sample may have contnl>uted a systematic error in favour of lower 
resistance. Disregard for prior exercise, level of hydration or consumption of meals 
resulted in significant underestimation of body fat in a group of athletes24• 
Consumption of a meal lowered impedance measurements by about 40 ohms over a 
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five hour period in a group of healthy males and females25• While Rising et al26 
reported that a recent meal or fluid intake had no significant effect on body fat 
estimated by bioelectrical impedance, their measurements were taken only one hour 
after consumption; Gallagher's25 study also demonstrated· that the change in 
bioelectrical impedance was minimal within the first hour. Although the accumulated 
effect of all these potential measurement errors was unknown, it was unlikely to have 
resulted in an effect comparable with the obsetved mean ethnic differences in resistance 
of 124 ohms and 104 ohms between females and males respectively. 
If the significant mean differences in resistance and reactance indicate 
differences in %fat, then %fat for Maori group was significantly lower than that of the 
Australians. It has been reported27 that comparison of resistance and reactance data 
(using graphical resistive-reactive plots) can show population variances. These data 
contribute to the growing evidence of ethnic differences in body composition 
_ (Chapter 1, 1.2.6), and has implications for transcribing Caucasian derived standards 
for healthy weight ranges and obesity prevalence to non-Caucasian populations. It 
should be stressed that this was only a preliminary exploration of whether body 
composition differed between these two groups. At this point it is only possible to 
confidently conclude that evidence of a significant difference between the electrical 
resistance and reactance was provided. The appropriateness of Caucasian-based weight 
ranges for population groups in the Pacific has been questioned, and it has been 
suggested that these ranges be raised to include the Caucasian overweight category7• 
The tentative conclusions from the body composition study performed on this group of 
Cook Islands Maori support this suggestion. 
4.5 CONCLUSION 
4.5.1 Need for further studies on body perception 
This study highlighted some differences and some similarities in perceptions 
between age and sex matched Cook Island Maori and Australian samples. Cook Island 
perceptions differed with age, and the similarity between the preferences of the young 
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women and Australians might be explained by growing westemisation of the Cook 
Islands. Cook Island Maori men, on the other hand, preferred larger body sizes to their 
Australian counterparts. This relationship between perceptions and degree of 
westemisation could be confirmed if a less westernised Polynesian group were studied. 
4.5.2 Need for further studies on body composition 
The body composition study tentatively supported an hypothesis that body 
composition differed between the two populations, but more stringent methodology is 
required to confirm this :finding. 
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CHAPTERS 
BODY COMPOSITION: 
REVIEW AND CHOICE OF 
METHODOLOGY 
This chapter will: 
e review methods for measuring body composition in humans, in particular body fat; 
• outline requirements of a method for measuring body fat in different ethnic groups; 
• compare posSI.ole field methods, and select an appropriate method; 
• compare posSI.ole methods for validating the chosen field method, and select an 
appropriate method; 
• provide a rationale for the chosen methods. 
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5.1 BODY COMPOSmON: AN OVERVIEW 
Body composition can be analysed in different ways depending on the level of 
detail required and the availability and applicability of methods1• All methods are based 
on assumptions, and the assumptions associated with different techniques need to be 
taken into account when selecting methods for analysing body composition. 
FIGURE 5.1: The five levels of human body composition 
Ievell: leve/1: leve/3: leve/4: levelS: 
-··-- ... --- ..... ·-· --· ... -· 
_ _.. __ -
····--- -- .._, 
N, P, Ca. 
K, Na, Cl Lipid Adipose 
tissue 
Hydrogen Cell mass 
- Carbon 
Water Skeletal 
muscle 
Extracellular 
fluid 
Proteins Visceral 
Oxygen organs& 
Glycogen residual 
Extracellular 
Minerals solids Skeleton 
Footnotes: a) Adapted from Heymsfield et al, 1996 (ref 2), Fig 1. 
b) N (nitrogen); P (phosphorus); Ca (calcium); K (potassium); Na (sodium); Cl (chlorine). 
' 5.1.1 Wang's model of body composition 
Wang et al3 proposed a five-level model of human body composition analysis to 
classifY body components according to comparable levels of complexity. This model is 
valuable conceptually when selecting methods for measuring different body 
components and helps to clarify assumptions. The five levels - atomic, molecular, 
cellular, tissue and whole body are shown diagrammatically in Figure 5.1. The 
components at each level can be totalled to equal body weight. However no 
component at one level can be directly equated to a component at another level 
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without assumptions about particular steady-state conditions and/ or relatively constant 
proportional relationships between them. Moreover, there are some components at 
each level, but not all at any one level, which can be measured directly. Thus any 
measurement of body composition involves some error, this error relating to the 
validity of the assumptions on which the measurements are based. 
At the atomic level, body weight equates to the sum of its elements. (Figure 
5.1) Direct in vivo measurements of some elements are possible using neutron 
activation analysis (NAA). Total body potassium (TBK) or total body nitrogen (TBN) 
indicate the bodys lean tissue mass, total bone mineral can be estimated from calcium 
(TBCa), and total body carbon (TBC) has been used to represent body fat4.s. 
At the molecular level, the body can be viewed as consisting of lipid, protein, 
water, glycogen and mineral3.6, of which only water and mineral can be directly 
measured. (Figure 5.1) Isotope dilution techniques for estimating total body water are 
·well established1, with deuterium most commonly used1.3'4• Dual-energy radiation 
techniques such as dual photon absorptiometry or dual-energy xray absorptiometry 
(DXA) distinguish bone mineral from soft tissue1.3'7• Protein can only be determined 
from total body nitrogen based on assumptions of constant nitrogen content of 
protein3 . Calculations of body fat content are made indirectly from fat free mass 
(FFM). ~ough sometimes used interchangeably, the lipid component at this level is 
not equivalent to the separable adipose tissue as defined at the fourth level3•7, as it 
contains both inessential and essential lipids. Essential lipids account for approximately 
3% body weight in males and 7% in females8, and setve a structural role such as in cell 
membrane formation. N onessentiallipids provide insulation and storage. 
, The cellular level consists of four components -. fat cells, body cell mass, 
extracellular fluid and extracellular solids - of which only extracellular fluid can be 
directly measured by isotope dilution3• (Figure 5.1) 
At the fourth - tissue - level, the body is composed of visually recognisable 
adipose tissue, skeletal muscle, bone, viscera and blood6• (Figure 5.1) Direct 
measurement of these components come from cadaveric studies3.4. Direct in vivo 
measurement of adipose tissue and skeletal muscle at particular sites is possible using 
magnetic resonance imaging (MRI) and computerised axial tomography (CT) 
scanning6. 
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At the whole body level, height, weight, circumferences, breadths and sk:infolds 
can be dkectly measured3• These anthropometric measurements are then combined in 
various ways to estimate regional and total body fat, muscle mass and skeletal size, but 
none dkectly measure any of these components. 
5.2 MEASURING BODY FAT 
Methods used to measure body fat will be briefly reviewed, particularly the 
assumptions on which each is based, and the advantages and disadvantages of each 
· method. These are summarised in Table 5.1. 
5.2.1 Direct measurement of body fat 
As previously stated, dkect measurements of body fat can only be made with 
cadaveric studies4, total body carbons, MRI or CT'. 
Cadaver analysis 
Cadaver analysis - the separation of adipose tissue from skin, muscle, bone, 
viscera and other tissue- provides the best data on human body composition9, but is 
hardly an in vivo method. Unfortunately but inevitably, cadaver resections were 
performed on ill (and thus atypical) bodies. Chemical analysis can be used to confirm 
body fat content, but will include both essential and inessential fats. 
Total body carbon (TBC) 
TBC can be measured semi-directly at the atomic level by neutron inelastic 
scatterings. Gamma rays from accelerator-produced neutrons are detected, at the 
energy range corresponding to carbon, simultaneously and converted to carbon mass5. 
Measurement of total body carbon is based on the assumption that fat contains a fixed 
proportion of the body's carbon, but requires adjustment for carbon content of protein, 
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bone and glycogen5 ; fat is calculated from TBC after subtraction of carbon 
contributions from these three components. However, the long irradiation time (NAA 
measurements of TBN and TBCa are also required), restricted availability of the 
equipment and cost, limit its use. 
Computerised axial tomography (C1) scanning 
The subject undergoing a CT scan is placed between an xray tube which directs 
a beam of xray photons, and a scintillation detector. The computer calculates 
attenuation values which relate to tissue densities. A cross--sectional image of the 
distribution of xray attenuation or transmission is produced in the form of a series of 
slices across the body4. CT scanning has mostly been used to measure intra-abdominal 
. and subcutaneous fat on the abdomen1•10, with the number of images reported varying 
from one to twenty-eight11, and time taken ranging from 4 seconds to one hour: the 
~eater the number of slices, the greater the detall It has been used to a limited extent 
for whole body analysis studies11'12• CT is extremely precise (coefficient of variation 
(CV) < 1 %), but also expensive and carries a significant radiation risk1' 10, which limits 
its use as a whole body measure. 
Magnetic Resonance Imaging (MRI) 
The subject is surrounded by a radiofrequency transmitter coil which also acts 
as a receivel. When a radiofrequency wave is applied to the body, certain nuclei with 
magnetic properties align themselves along the direction of a magnetic field. The radio 
wave, is then tumed oft; and the nuclei revert back to their original position, emitting 
their absorbed energy which is detected by the receiver and images of tissues 
constructed from the frequency and intensity of the emissions1• There is no danger of 
radiation with MRI, but it is also a lengthy and expensive process. In the majority of 
scanners, the claustrophobic subject may become distressed at being required to lie still 
for about an hour in an enclosed space, although newer machines are not closed. The 
precision of MRI for whole body imaging is generally worse than that for CT, 
particularly over the trunk due to involuntary movement such as breathing and 
peristalsis1• Its use is mostly restricted to the measurement of visceral fat and/or total 
90 
Chapter 5 
body watel due to the time required and expense, although some whole body studies 
(with up to 28 images) have been made with MR.I10'13• MRI is considered a good 
reference method10, but is not practical for large sample sizes. 
Thus direct measurement ofbody fat is expensive, of limited availability, often 
hazardous or impractical, and therefore limited to well funded clinical research projects 
with small sample sizes. (Table 5.1) 
5.2.2 Indirect measurement of body fat 
""" All other in vivo techniques for measuring body fat are based on one or more 
assumptions. Fat can be calculated at the atomic level from the estimation of lean 
tissue mass from total body potassium (TBK), based on the assumption that most of 
the body's potassium occurs in non-fat cells4, at constant concentration, and that 
radioactive '"X occurs naturally at a constant fraction of potassium1• However 
accessibility, expense, length of time involved, and the accurate cah'bration required 
negates its use in field studies. Thus appropriate methods for estimating body ~t in 
larger samples are generally selected from the molecular and whole body levels. 
5.2.3 Two compartment models 
Two compartment models for estimating body fat can generally be viewed as 
simplification of the molecular level ofbody composition: 
Sa) body mass= fat mass+ FFM 
and include densitometry, hydrometry and bioelectrical impedance. 
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TABLE 5.1: Methods of measuring body fat, advantages and disadvantages 
Method Measurable entity Advantages Disadvantages 
Cadaver dissection Separable adipose tissue "Gold standard" method Not an in vivo method 
Total body carbon 
(TBC) 
Computerised axial 
tomography (CI') 
Nuclear magnetic 
resonance (MRI) 
Total body 
potassium (TBK) 
Densitometry 
(UWW) 
Hydrometry 
(TBW) 
Bioelectrical 
impedance (BlA) 
Dual energy xray 
absorptiometry 
(DXA) 
Skinfolds& 
anthropometry 
Body fat, body protein 
Cross sectional image of fat, 
muscle, bone & other tissue 
Cross sectional image of fat. 
muscle, bone & other tissue 
Lean tissue equated to TBK; fat 
tissue calculated from 
2-compartment model 
Fat & lean body mass estimated 
from body density 
Fat-free body mass equated to 
body water, fat tissue 
calculated from 2-compartment 
model 
Fat-free body mass, equated to 
body water~ fat tissue 
calculated from 2-compartment 
model 
Direct measure of item of interest 
Minimal subject cooperation required 
Direct measure of region of interest 
Assessment of fat distribution 
No radiation exposure 
Assessment of fat distribution 
Direct measure of region of interest 
Non-hazardous 
Non-hazardous 
Simple to use 
Relatively inexpensive equipment 
"Gold standard" measure of body water 
May be non-invasive 
Radiation exposure~ very expensive 
Complex calibration required; limited availability 
Radiation exposure~ very expensive 
Limited availability 
Long scanning times required; very expensive 
Worse precision than CT~ limited availability 
Accurate calibration required 
Lengthy and very expensive process 
Limited availability 
Assumes constant densities of fat & fat-free tissue 
Possible errors in intestinalllung gas volume estimation 
Subject cooperation required; non-transportable equipment 
Radiation exposure; expensive 
Error due to variations in hydration of lean tissue 
Potential errors at 3 stages: administration, collection, 
analysis 
May require subject cooperation for taking blood samples 
Non-hazardous, inexpensive Error due to variations in hydration of lean tissue 
Minimal subject cooperation required Disproportionate contribution of various body segments 
Rapid measurement Validity of standard equations; requires re-validation in the 
Minimal inter-observer error obese/different cultural groups 
Estimates bone mineral, fat & Information about body segments/whole Subject size limitation 
lean soft tissue body Possible errors due to variations in hydration, age and size 
Small radiation exposure Radiation exposure (small only); expensive 
Minimal subject cooperation required Availability limited to hospitals/medical centres 
Estimates body geometry, Non-hazardous; inexpensive Errors due to inter-individual variability in fat distribution 
subcutaneous fat. regional Rapid measurement Inter- and intra-observer error; poor precision in obese 
muscle subjects 
Body mass index Weight/height squared Non-hazardous; inexpensive A measure of both lean and fat body composition 
(BMI) Highly correlated with %fat Rapid measurement Validity in different cultural groups of differing size 
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Densitometry/whole body density (UWJJ? 
Densitometry has often been used as a "gold standard" against which to 
measure other techniques. It requires the full submersion of the subject in a tank of 
water. Density is measured as the mass (weight) of the body in air, divided by the 
volume (displacement) of the body in water1• Calculations of the body fat content use 
one of two equations- Siri14 or Brozek15 - which are based on the assumption that fat 
and fat-free mass have a constant density (usually taken as 0.9 kg/l and 1.1 kg/1 
respectively). Further assumptions account for residual hmg and gut volume4'7. The 
simplicity of the technique has no doubt been a large factor in its frequent use. 
Umitations include the requirement for subject cooperation, the practicalities of the 
submersion process, and the lack of portability of the equipment. (Table 5.1) 
The gold standard status of densitometry is now being questioned. Any 
variation in bone, water or protein content of the body has the potential to effect the 
density of FFM, and there is increasing evidence that the assumed densities of FFM 
may not be constant across age, gender and ethnic groups7 . Athletes have denser and 
preadolescents less dense bones; bone density decreases in the elderly4; and the 
voh.une16-19 and density of FFM varies with ethnicity18.20-24• An additional error from 
variability in lung and gut volumes has been estimated to be in the order of2.0- 2.8% 
fat in a fairly homogeneous young adult population'. 
Total body water (hydrometry) 
Total body water (TBW) is a criterion method for other body water based 
m~ods, such as bioelectrical impedance. Water makes up about 60% of the male, and 
50% of the female body weight4, most occurring in intracellular compartments with the 
rest remaining outside the cells. A known amount of a substance - usually deuterium or 
18-oxygen - is ingested or injected, and its concentration in plasma or other body 
liquids determined after equilibrium has been established4.s. 
TBW is a simple, ethical, relatively non-invasive and easily validated, indirect 
measure of FFM; and thus an even less direct measure of body filt. It is assumed that 
73.2% of the body's water occurs in the fat-free compartment, but diurnal, gender, 
population, age and body fatness variation in hydration may occur7• There is also 
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potential experimental error in dose administration, method of recovery and in 
measurement1•4, and it is a relatively costly technique. (Table 5.1} Given the biological 
variability of water content of the fat-free body, an error of 2.6- 3.6% body fat has 
been estimated in the general population7• Using TBW as a two compartment model 
underestimated fatness in subjects with lower bone mineral, and overestimated where 
bone was more dense25• 
Bioelectrical impedance 
Bioelectrical impedance (BIA) was developed in response to a need for a non-
invasive technique for measuring body composition in the field26• Impedance of a 
simple geometric system is a function of the conductor length and configuration, 
conductor cross-sectional area and the signal frequenci7• Lean body mass, being 
hydrous, conducts electricity, and if a constant hydration is assumed (which is not 
strictly true; see above section on Total body water), TBW can be used as an indicator 
of lean body mass. A low amperage current is passed through drive electrodes placed 
on the hands and feet, and the drop in voltage measured by sense electrodes. At low 
frequencies an electric current flows only through extracellular water, but at high 
frequencies the reactive capacitance of the cell is diminished and total body water 
(intra- plus extra-cellular water) is measured28-30• An estimation of body fat can be 
made by subtracting lean body mass from body weight, but error increases with 
conversion to % fat30• Additional errors result from variation in positioning of the 
electrodes and variability between instruments, and thus . stringent measurement 
protocol is required. Details of the placement of electrodes for measuring with BIA 
were given in Chapter 4, Section 4.2.3. 
Variation in hydration will always be a limiting factor, and the use ofBIA is not 
recommended in conditions where there are disturbances of fluid distn"bution, nor for 
measuring individual change31.32• Errors resuh .from the variation of hydration ofFFM 
with age, sex, poSSl"bly race30 and increasing fatn.ess33; there is a tendency to over 
predict FFM in fatter8.34-36 and older subjects37• (Table 5.1) 
BIA is considered a highly reliable and repeatable technique4.26.38• Test-retest 
reliability is very high, minimising inter-rater error. It is non invasive and carries no 
heahh risk, but requires subjects .to fast for at least four hours, and to abstain from 
94 
""' 
ChaQter 5 
alcohol and heavy exercise for a day before measurement. Costs are reasonable and 
include the analyser itself and disposable electrodes. 
BIA assumes that the body acts as a cylinder, but in fact most of the impedance 
(about 90%) is determined by the limbs which contribute less than 50% of the FFM39. 
The body could more accurately be conceived of as five separate cylinders (arms, legs 
and trunk) and segmental impedance on these "cylinders" is currently being 
examined31•4042• Initially single 50 kHz frequency devices were used; based on a 
calculation that the current passed through both extracellular and intracellular fluids at 
this frequency. More recently multifrequency bioelectrical impedance analysers have 
been developed, utilising frequencies ranging from 1 kHz ~ 1 Mhz. Multifrequency 
analysis may reduce the error of single frequency analysers and make more accurate 
predictions of TBW29.3°'4247• 
Several regression equations have been developed and cross-validated in 
· Caucasian populations, for example those of Lukaski48, Segal34, van Loan45 and 
Heitmann36• More recently investigations in other ethnic groups have found that while 
Caucasian derived equations were found to be applicable in some non~Caucasian 
populations49'53, ~ey were not in others54-57• (Table 5.1) The results of validation 
studies ofBIA will be considered .further in Section 5.3.2. 
5.2.4 Multicompartment models 
The traditional two compartment model does not take account of ethnicity, 
age, gender and excess fatness58, and more recently there has been a move towards 
using three or four compartment models as criterion methods in the assessment of 
I 
body composition. One three compartment model, including measurement of both 
body density and body water, reduced the percent fat error by half. 
Dual-energy xray absorptiometry (DXA) 
Subjects lie on a table while an xray tube directs two energy levels of photons 
through tissue 59• The differential attenuation of these two levels of xrays is measured 
as they pass through the body to distinguish bone from soft tissue1•60• 
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DXA was introduced to measure bone mineral mass (in small, elderly 
Caucasian women) and is considered a "gold standard" for doing so with an error of 
about 1%61. Despite its superior status, DXA measures bone as area rather than a 
volume. Bone mineral values may not be completely corrected for body size, resulting 
in spurious relationships particularly in population-based studies60• These estimates can 
be improved by adjusting BMC for the effect of height and weight62• DXA can also 
distinguish fat :from lean tissue but only in areas of the body where no bone is 
present60•63• It then assumes that fat over bone is the same as occurs in soft tissue 
without bone60• 
DXA has a safety and cost advantage compared with other scannmg 
techniques, is completed in under an hour and uses a very small radiation dose for a 
whole body assessment (less than 0.35 f.'SV (microSievert), the equivalent of 
approximately twelve hours of background radiation). It is very simple to perform, and 
. requires minimal subject cooperation. DXA is also unique in that it does not depend on 
any other measurements, such as weight or height, for its calculations60• Operation 
requires technical expertise, and current availability is generally restricted to radiology 
departments in major hospitals or clinics. (Table 5.1) 
There are three main manufacturers and systematic differences in bone and soft 
tissue values have been reported between the available machine types60 which makes 
data transfer problematic. The differences can be attnouted to methods employed for 
cahoration, edge detection and software analysis60• Different results :from two 
supposedly identical machines have also been reported64• 
DXA still relies on the assumptions of constant hydration of lean body mass, 
and there is evidence that altered hydration states do introduce error in estimation of 
lean mass65• Age- and size-dependent biases occur66-68• At moderate depths of soft 
tissue ( < 20 - 25 em), measurements are fairly accurate, but fat and bone are 
overestimated as thickness increases60•68•69• There is also a size limitation, the maxinmm 
size for a subject being 190 em by 60 em, and 120 kg in weight. A relatively high total 
error (5.2%), suggesting a systematic error, was reported in one study70; but as this 
arose from the software package used in analysis, regular modification of the software 
should result in improvements. Software developments, such as varying scanning 
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speed, also take some account of body size. DXA was found to underestimate % body 
fat when compared with a four compartment model'1• (Table 5.1) 
DXA has been enthusiastically embraced because of its unique ability to 
measure bone, lean and :fut tissue without reliance on other measurements72• However 
the interdependence of body composition compartments ·is a weakness63; although 
measurements of body weight and bone are highly accurate, any error in :fut mass will 
be matched by a concomitant error in lean tissue mass. Although body fat is measured 
more precisely by DXA than with densitomettY9 {DXA correcting for bone mineral 
density73), it is still considered premature to claim DXA as a replacement "gold 
standard" method for measuring body composition65 • 
Four compartment models 
Four compartment models equate closely to Wang's molecular level: 
5b) body weight = water + protein + mineral+ fat 
V arlo us combinations of techniques can be used to measure these body 
fractions7, with varying cost depending on the expense of the techniques used58• One 
combination using densitometry (estimating body density and volume), deuterium 
dilution (to assess TBW), DXA (total body bone mineral mass), and fat by subtraction, 
gave a m~asurement error of less than 3% of fat weight and less than 1% of body 
weight74• In multicompartment models which included these three components, the 
largest error came fro}ll densitome~. Measurement of total body bone mineral 
(TBBM) makes allowance for differences due to· ethnicity, physical training and to~al 
weight25• Despite the increase in number of measurements involved, multicompartment 
models are more accurate than two compartment models. However the multiple 
assessments required on each subject are costly, restricting multicompartment analysis 
to small study groups rather than large population studies. 
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5.2.5 Skinfolds and anthropometry 
Skinfold thicknesses are measures of subcutaneous fat taken at various sites 
which are then entered into equations to predict percentage fat (%fat) for a specific 
population under study. Skinfold measurements have been the most frequently used 
method for measuring body fat in epidemiological studies due to the easy access to 
subcutaneous fat, and their relative simplicity, safety, practicality and lack of expense6• 
(Table 5.1) Measurement is made with callipers which exert a standardised pressure 
on the measurement site1. Although the criterion instruments are Harpenden (Hohain 
Ltd, Bryberian, Crymmych, Pembrokesbire) or Lange (Cambridge Scientific 
Instruments Inc., Cambridge, Maryland), some between-brand measurement 
differences have been reported4• These two callipers have a size limit of 50 mm, 
. restricting their use with larger subjects. The Slimguide calliper is a highly reliable 
alternative which has the same compression as the Harpenden, produces almost 
identical readings, and has the advantage of being calibrated to 80 mm75, making it 
better suited for populations with larger body size. 
General population equations have been developed, the most widely used for 
adults being those ofDumin 3n:d Womersley in the United Kingdom76 and Jackson and 
Pollock in North America77• Durnin. and Womersley measure at four sites (biceps, 
triceps, subscapular, suprailiac), Jackson and Pollock at three (triceps, suprailiac, thigh 
for women; chest, abdominal and thigh for men) or at seven sites. A detailed 
anthropometric profile includes trine skinfold measurements78• Generally, the more 
skinfold measurements taken the smaller the error of the estimate (SEE) of %fat, but 
the more impractical the technique becomes as a field method. Generalised equations 
have also been shown to produce statistically different results depending on the 
similarity between the population under study and the reference population4• 
Other anthropometric techniques such as circumferences and breadths can be 
used in addition to skinfolds to estimate the muscle compartment of the body, or as an 
estimate ofbone or frame size1•4• 
As with all techniques for measuring body fat, skinfolds are based on a number 
of assumptions, violation of which introduces errors. It is assumed that the 
compressibility of the skin and subcutaneous fat is const8D:t in the population; that the 
selected skinfolds are representative of the body's total subcutaneous fat; and that there 
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is a linear relationship between skinfold thicknesses and total body fat'5• However 
cadaver evidence shows that skinfold compressibility differs significantly between 
subjects and between sites79; subcutaneous fat varies ftom 20-70% as a percentage of 
total body fat'5; and the relationship between sum of skinfolds and body density is 
curvilinear 4,76,80 • 
Skinfolds are limited by both technical variation and biological variation, ie age 
and ethnic differences33'80• Technical sources of error include inter-rater variability in 
measurement technique, the callipers used and site location, and intra-rater variability 
in taking measurements. Error increases with increasing skinfold size; (Table 5.1) five 
percent is considered an acceptable intra-rater tolerance81• If two or more raters are 
used, inter-rater reliability requires investigation. Equations developed in Caucasian 
populations may not be applicable in non-Caucasians. For instance, Jackson and 
Pollock's equation significantly underestimated and Durnin and Womersley's equation 
. over predicted percent body fat in Aftican Americans82, whereas Durnin and 
Womersley underestimated body fat in Colombian women83• Sites chosen for skinfold 
measurements were not applicable to Mexican Americans participating in the San 
Antonio Heart Study84, due to different fat patterning. 
Skinfold measurement may be considered invasive by some cultural groups, as 
the remov~ of some clothing is required. While multiple skinfolds increases accuracy, 
each additional measurement needs to be weighed against practicality. On the positive 
side, among field methods skinfolds have the unique advantage as an indicator of fat 
distribution. 
5.3 MEASUREMENT OF BODY FAT IN CROSS CULTURAL 
STUDIES 
5.3.1 Requirements of the method 
An appropriate method for measuring body fat needs to be accurate, precise, 
not too expensive, acceptable to the subjects, convenient to use1 and suitable for cross-
cultural comparison. Despite their accuracy and precision, the criterion measures of 
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cadaver analysis, TBC, CT and MRI scanning and TBK were suited to small, well 
funded clinical studies, but not to samples of 500 in each of three sites. Densitometry, 
TBW, DXA and other multicompartment models could be considered as validation but 
not as field methods, due to their restricted availability and expense. Only bioelectrical 
impedance, skinfolds and anthropometry were feasible for field studies. (Benefits and 
limitations ofTBW will be discussed in Section 5.3.3) 
5.3.2 Proposed field methodology for cross-cultural measurement of 
body fat 
The accuracy and precision of these possible field methods will be considered, 
and then compared with respect to the criteria listed above. (Summarised in Table 5.2) 
BMI 
Despite the wide use of BMI as a surrogate measure of body fat in both 
population studies and clinical settings, its reliability, low cost, convenience and high 
subject acceptability, the validity of BMI as a measure of body fat (discussed in 
Chapter 1, Section 1.2), and its applicability cross culturally remain an issue. (Table 
5.2) Even among a fairly uniform group of young adults, SEEs of 4.4 - 4.6 kg for FFM 
and 4.5- 4.7% for %fat' were found. By using BMI across ethnic groups of varying 
size, those with a large musculoskeletal mass relative to height could be placed in the 
overweight range without being over fat, while o/ofat would be underestimated in those 
with small musculoskeletal mass ratio7• But rather than abandon BMI as a measure of 
body size, it can be supplemented with additional measures of body composition', used 
to develop new equations to suit different populations85, or adjusted to account for the 
different relationship with body fat in different cultural groups. 
Bioelectrical impedance 
The repeatability of bioelectrical impedance is very high, but the validity is more 
variable (Table 5.2). Although regarded as the criterion method for BIA, 
TBW26.31.36'43'86-89 has less frequently been used than densitometry8.34.35.3'.38'48.90-93 to 
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validate BIA. DXA has been seldom used (Table 5.2). Most of these validation studies 
concluded that BIA was a valid method for estimating body composition32, operating 
with an SEE of 3 - 6% for body fat, or 2 - 4 kg for FFM (Table 5.2). Some of the 
discrepancy between BIA and UWW can be attributed to the variation in body density, 
since UWW does not take account of ethnic differences in bone mass and bone mineral 
density7o. 
It has been recommended that BIA fommlae should be derived specifically for 
1 the population under investigation 54. Validation with each study population will reduce 
I 
1 error, making BIA potentially useful for cross-cultural use. 
r 
Skinfolds and anthropometry 
Skiofold anthropometry has mainly been validated against densitometry, with 
~rrors in the order of2- 5% (Table 5.2). The reliability of skinfolds is lower than BIA 
(Table 5.2), with the magnitude of error increasing with the skinfold size. 
Comparison of field methods 
Correlations were generally lower, and errors higher, in validation studies of 
BMI, compared with BIA or skinfolds (Table 5.2). In general, it was found that BIA 
predicted body fat with errors at the least comparable with7,3t,92.94, or lower than 
skinfolds33.34.36'48, and considerably better than BMf ,36,65'94• The reliability was 
significantly better with BIA than with skinfolds. 
It was decided to measure body composition by both BIA and skinfolds. While 
BIA appeared to be the more acceptable and reliable for use cross-cuhurally, only 
skinfold are able to assess fat distnoution. Because of variability expected due to 
ethnic, age and body type differences, a procedure for validation ofBIA in each ethnic 
group against another standard was considered necessary in this study. 
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TABLE 5.2: Evaluation of field methods of measuring body fat 
Field Validation method ·Validity SEE Reliability Cost Assumptions Advantages Problems Possible 
mdhod (body CO'!!J!.Onentl (R) (R) Adjustments 
Body mass Densitometry (LBMt 4.4-6.4kg 0.1 kg Nil extra • Correlated with Non-invasive BMI represents Adjust for %fat for 
index Densitometry (%fatt 0.82 4.5-5.9"/o (wgt), 1% fatness fat plus fat free different groups 
TBW . (fat)c 0.92 3.9kg (hgt) • Not correlated mass 
DXA(manuf eq) (fat)d 0.85 4.6kg acceptable with height 
" (manuf eq) (%fatt 0.76 3.4% 
Bioelectrical Densitometry (LBM)r 0.91-0.98 2.0-4.0kg 0.93-0.99° Moderate Constant hydration Reliability Population • Validate in each 
impedance Densitometry (llfofat1 0.64-0.97 2.7-6.0% (2hours-8 ofFFM sPecific population 
TBW (H20)h 0.92-0.98 1.4-3.5 L days) • Strict test protocol 
TBW (LBM)i 0.98 2.6kg 
TBW (fat)0 0.94 3.2kg 
DXA <tatY . 0.96-0.99 1.0-1.8 kg 
DXA(manuf eq) (fat)d 0.92 3.5kg 
" (manuf eq) (%fati' 0.85-0.97 3.2-4.6% 
Multi-compact (LBMi 0.73-0.96 2.2-3.6kg 
Skinfolds Densitometry (LBMt 2.3-2.6kg Test-retest Low • Constant skin • Indicates fat • Invasive in • Use larger 
Densitometry (%fat)m 0.83-0.93 3.5-5.0% &inter- compressibility distribution some cultures callipers 
TBW (fatt 0.90 3.9kg rater • SF represents • Well- •Limited in • Limit number of 
DXA (%fat)11 0.82-0.93 2.1-3.8% 0.93-0.95P subcutaneous fat established obese raters 
• Constant method 
subcutaneous 
/total fat ratio 
References: a)7. b) 7, 76, 95, 96. c) 97. d)98. 
e)99. f) 1, 34, 37, 48, 90, 92. g) 7, 8, 35, 38, 48, 91, 93. h) 26, 31, 45, 86- 89. i) 26. 
j) 100. k) 59,66. 1) 36, 101-103. m) 7, 76, 95, 104, 105. n) 59, 73, 105, 106. 
o) 4, 26, 38. p) 104. 
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5.3.3 Validation method 
Availability and acceptability of validation methodology 
There is a general trend towards using multicompartment models as a gold 
standard for validating body composition methods. However the multiple 
measurements required was well in excess of the budget of the current investigations 
and beyond the capacity of most epidemiological studies. 
Despite the recommendation that densitometry be used in epidemiological 
studies107, the assumption of constant density of FFM for all ages, sexes and races 
made its use inappropriate in a cross-cultural Study. More pragmatically, densitometry 
was not available in any of the populations in which investigations were planned, and 
~e equipment is not transportable. 
TBW estimation is not limited by local availability of equipment and is best 
suited to validation of BIA. However, these advantages were balanced by several 
constraints. Potential technical errors can occur when administrating, collecting or 
analysing samples. The deuterium and analysis facilities were not available locally. 
Analysis should be conducted by the same laboratory to reduce error, requiring 
transportation of all the doses and samples to and :from the study populations. The cost 
of transportation in addition to the cost of precisely measured deuterium samples and 
analysis became proJnoitive. 
DXA was available in two of the three populations- Australia and Singapore-
making validation of a subsample of these study populations feasible. By taking 
account of TBBM, DXA allowed for variation in the density of~ an important 
consid.~ation in a cross-cultural study. Use of different equipment at the different sites 
was a ' concern (Lunar equipment was available in Australia, while Hologi.c ·could be 
used for measurement in Singapore), as resuhs would require correction to a standard 
machine. Given that validation must be limited to a single method, DXA was chosen as 
the most appropriate and feaSJ.ole for the current study, with the added advantage of 
data on bone and lean tissue as well as body fat content. 
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TABLE 5.3: Validation, coefficient of variation for DXA, and 
comparison between Lunar and Hologic machines 
Validation method 
(validation 
component) 
Densitometty (FFMt 
Densitometty (fat)b 
Densitometry (o/ofatt 
TBW (FFM)d 
TBW (%fatt 
TBK (FFM)f 
Scales (weight)& 
In vitro11 (FFM) 
(chemical (fat) 
analysis) (o/ofat) 
Lunar v Hologic' 
(BMC) 
(FFM) 
(fat) 
(0/ofat.) 
References: 
- c) 59, 73, 108, 110. 
f) 109, 111. 
i) 59, 66. 
Correlation SEE 
(R) 
0.9~0.97 1.9-2.2 kg 
0.86-0.89 3.4-4.3kg 
0.86-0.92 2.3-4.1% 
0.84-0.95 
0.75-0.84 3.0-4.0% 
0.90-0.94 1.1-1.6kg 
0.996-0.999 0.46-0.77 kg 
0.98 2.7kg 
0.99 1.9kg 
0.98- >0.99 0.9-3.4% 
0.99 
0.96 
0.97-0.98 2.1 kg 
0.99 
a) 70, 108-110. 
d) 108, 110, 111. 
g) 69, 70, 100, 106. 
j) 59, 66, 69, 109, 111, 112. 
DXA: validity and reliability 
"CV1 
(mrmediate- 6 months) 
BMC 0.5-1.5% 
LBM 0.6-3.1% 
Fat 1.0-6.~A» 
Fat% 1.0-6.9% 
Body wgt 0.2% 
b) 66, 70. 
e) 59, 108. 
h) 69, 109, 112. 
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DXA has a unique ability to measure three components of body composition 
without reliance on other measurements, but this quality makes it difficult to assess 
against other methods66• Validation against the one true criterion method, cadaver 
dissection, has yet to be reported. 
Validation of DXA has been performed both in vivo and in vitro. In vitro 
validation procedures, used various phantoms, showed high accuracy and precision 
(Table 5.3). The accuracy and precision ofDXA against densitometry and hydrometry 
was superior to commonly used field methods (Tables 5.2 and 5.3). Inter-method 
discrepancies between DX4 and UWW can be attnl>uted, in part, to the assumption, 
by densitometry, that FFM has constant density66' 108• Also, while UWW measures FFM 
and fat mass, DXA measures lean and fat tissue. 
Correlations were higher and SEEs and CV s lower for body mass and bone 
mineral content than for lean mass and %fat (Table 5.3). The high correlation between 
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DXA body weight and scale weight indicated that DXA accounted well for soft tissue 
mass
70
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5.4 CONCLUSION 
The best suited method for assessing body composition depends on the specific 
needs of the situation. Ideally, it should be relatively inexpensive, cause little 
inconvenience for the subject, be easy to operate, and capable of producing reliable and 
accurate results107. In reality, there is generally a trade off between these criteria. 
Both BIA and skinfolds were ~hosen to meaSure % fat. Although skinfolds are 
less reliable and have limitations in some populations (particularly Polynesians), the 
method was included because of its frequency of use ·in larger studies, and its ability to 
estimate fat distribution. BJA appeared to offer the most appropriate field method for 
measurement of total body fat, to be the most acceptable for use among different 
ethnic groups, and to have proven reliability under consistent experimental conditions. 
Population specific equations for BIA need to be and will be developed, particularly as 
the groups to be studied were chosen largely on the basis of their different body types. 
Also, significantly different results were shown when several published equations were 
applied in the Cook Island Maori (Chapter 4, 4.3.2). (Cook Island Maori and Tongans 
are both Polynesians) 
DXA allows estimation of skeletal size, lean and fat mass with acceptable error. 
This is important since differences between ethnic groups are based on assumed 
differences of muscle and skeletal size. Although not a criterion method for validating 
BIA, DXA will be used as a "silver standard" against which to develop population 
specific prediction equations. DXA has the advantages of low risk to the subjects, of 
moderate cost, and of being available. As there is no DXA in Tonga, a validation 
sample will need to be found in Sydney, and can be measured on the same equipment 
as the Australians. Different DXA equipment indicates that readings will require 
adjustment. 
BMI will also to be measured, as another parameter for comparison, and to 
ascertain whether its definition differs between these ethnic groups. 
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BODY PERCEPTION AND PERCENT BODY 
FAT IN TONGANS, AUSTRALIANS 
AND CHINESE: 
SUBJECTS AND METHODS 
Objectives 
• To descnoe the subjects to be investigated; 
• To describe methods used to measure body perception; 
• To describe methods used to measure body composition; 
• To justifY development of ethnic and gender specific equations for the calculation 
of fat free mass from bioelectrical impedance, and to develop these equations; 
• To report on adjustments made for the use of different equipment used in different 
locations; 
• To discuss strengths and weaknesses of the study methodology. 
Chapter 6 
6.1 INTRODUCTION 
In Chapter 3 and Chapter 4 some gender and ethnic differences were shown 
in body size perception. Perceived ideal body size for women was smaller than that for 
men, despite the same recommended healthy ranges. The preferences of Cook Island 
Maori differed with age, and young Maori women preferred similar body sizes to 
Australians. Cook Island Maori men, on the other hand, preferred larger body sizes 
than their Australian counterparts. As wen as this, significant differences in resistance 
and reactance values measured by bioelectrical impedance between Cook Island Maori 
and Australian subjects indicated ethnic body composition differences, but a more 
rigorous methodological approach was required to verify this finding. 
These differences in body perception and composition were explored further 
using the same body perception methodology and a validated method for assessing 
body composition in the field. Samples from three populations were investigated: one 
with large bone and muscle size and a traditional preference for large body size 
(Tongans); one of mixed body size where western norms of acceptable body size 
predominated (Australians); and a small boned population whose traditional preference 
was for small body size, at least for women (ethnic Chinese from Singapore). 
Subjects and methods are reported and discussed in this chapter, and the results 
are given in Chapter 7. 
· 6.2 S~(;]1S 
6.2.1 Tongans study populations 
Two Tongan populations were used - one main sample from Tonga, and 
validation subjects from: Sydney who were used to develop a formulae for the 
prediction ofFFM. 
The Tongan study sample was from several villages on the main island groups, 
with the exception of the Nuias. This northern-most island group is not readily 
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accessible (flights only every three weeks and boats visiting less frequently), and so 
subjects from these islands were not included. Subjects were recruited from various 
sources; predominantly church and community groups, with some staff from 
government departments and commercial organisations. 
Subjects used for validation and the development of an ethnic-specific formula 
_for FFM were a convenience sample enlisted from members of Tongan church 
communities in Sydney. The purpose and procedure of the study was explained to the 
members of several congregations, who were invited to participate. Those who had 
lived in Australia for the least amount of time or were visiting ftom Tonga were 
encouraged to participate in preference to those who had been resident for a longer 
period of time. 
The proposal to conduct the study in Tonga, approved by the Tongan National 
Food and Nutrition Committee and all the ministers of the parliament of the Kingdom 
-of Tonga, is reproduced in Appendix 6.1 (7. Proposal for a study of body 
perception and percent body fat in Tongans) 
6.2.2 Australians study population 
A sample of the staff of a large Sydney hospital were used for comparison. 
Random samples of 374 female and 374 male (one eighth and one quarter of the 
female and male staff respectively) were selected ftom the total staff of Central Sydney 
Area Health Service. Every fifth female and every .fifth male respondent was invited to 
undertake a total body DXA When a subject declined (a rare event), the next subject 
of the same sex was asked. Letter of invitation and information for participants appear 
' 
in App,endix 6.1, numbers 3 - 5. 
6.2.3 Singaporean Chinese Foetnete 11 study population 
Study subjects were fre&-living individuals in the community recruited by means 
of notification through &-mails and brochures. They were medical, hospital nursing and 
administrative staff free .from chronic illnesses. Every fifth female and every fifth male 
respondent were invited to undertake a total body DXA The proposal to conduct the 
Footnote 10 This sample will referred to only as "Chinese" for the remainder afthe thesis. 
108 
0 
0 
Chapter 6 
study in Singapore is included in Appendix 6.1 (6. Proposal for a cross-cultural 
study in body composition and body perception in Singapore) 
6.3 METHODS 
General methods will be descn'bed first, followed by specific differences 
between study sites and adjustments made to account for these variations. (Table 6.1) 
6.3.1 Body perception 
The same body perception instrument (BPI) and procedure was used for 
-measuring body perception as reported previously (Chapter 3, 3.2.3; questionnaire 
in Appendix 3, 3.2). Culturally appropriate series were used for each population. The 
female series covered a range in BMI from 18.8- 52.5 kg/m2 (for the Tongans) and 
15.0-45.0 kg/m2 (for the Australians and Chinese). The male series ranged from 17.5 
- 51.3 kglm2 (Tongans) and 17.5- 47.5 kg!m2 (Australians and Chinese). 
6.3.2 Anthropometry 
The following anthropometric measures were collected, using standard 
procedures. 
The procedures for measuring weight and height have been descn'bed 
previously (Chapter 3, 3.2.3). Subjects in Tonga were weighed on a portable, solar 
powered electronic scale developed to UNICEF specifications. The Sydney Tongan 
sample was measured on beam balance scales; a stationary electronic scale was used to 
weigh the Australian subjects and for the Chinese. All scales were calibrated to zero 
each morning. The same portable height measurement instrument was used for all 
subjects, with the exception of the Chinese. This instrument utilised a metal tape 
attached to a plate on which the subject stood, and a small level to ensure that the head 
rest was perpendicular to the tape and thU:S at the ultimate height of each subject. A 
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standard wall stadiometer was used in Singapore. BMI (kgln() was calculated :from 
measured weights and heights. 
Waist circumference was measured with a non-extensible, flexible tape, at the 
narrowest diameter between the n'bs and the iliac crest. Hip circumference was 
measured at he maximum diameter around he buttocks1• 
Skinfolds measurements were taken at four sites - biceps, triceps, 
subscapular, suprailiac - using guidelines as described by Durnin and Womerslei 
(Appendix 6.1: 1. Measurement protocols: Skinfold methodology). A plastic 
Slimguide calliper (Plymouth, Michigan) was used for sldnfold measurements in 
Tongans and Australians. The Slimguide was chosen because of its ability to measure 
skinfolds up to 80 mmimetres. A Harpenden calliper was used in Singapore. Three 
consecutive readings were recorded, and the mean reading entered for analysis. All 
waist and hip circumferences and skinfold measurements on the Tongans and 
·Australians were taken by the same researcher (PC) .Foomoc. 11, with the same tape 
measure and skinfold calliper. A single researcher performed the measurements in 
Singapore. Detailed protocols for anthropometric measurements were provided to 
Singapore (Appendix 6.1: Measurement protocols). 
The sum of skinfolds was calculated: 
6a) Sum of skinfolds (mm) =biceps+ triceps+ subscapular+ suprailiac (mm) 
and this was converted to % body fat using the method of Durnin and 
Womersle~. 
In addition, mid-upper arm circumference was measured on all Australians, 
and some Tongans. The site was located at the midpoint between the lateral edge of 
the acromion process, and the upper and lateral border of head of the radius, and 
marked. This mark was also used in locating the biceps and triceps. 
Footnote 11 Accredited as a Level 1 Anthropometrist by the International Society for the 
Advancement of.Kinanthropometry (ISAK) which conducts training courses and issues certification to 
help standardise anthropometric techniques worldwide. 
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Mid arm muscle mass and arm muscle area were calculated as follows3: 
6b) AMC =MAC em- 3.142 x TSF em 
6c) AMA cm2 = (AMC)2 
4 (3.142) 
where: AMC = arm muscle circumference 
MAC = midarm circumference 
TSF = triceps skinfold 
AMA = ann muscle area 
To adjust for bone-free arm muscle, 
6d) for females AMA- 6.5 cm2 
for tp.ales AMA- 10 cm2 (reference 4) 
Elbow (biepicondylar humerus) breadth was measured between the medial and 
lateral epicondyles of the humerus, using the technique approved by the International 
Society for the Advancement ofKinanthopomety (ISAKl. 
6.3.3 Body composition: instruments and methods 
Body composition was also measured using bioelectrical impedance analysis 
(BIA) on all subjects; and total body dual energy xray absorptiometiy (DXA) on a 
subsample of each ethnic group for validation of the BIA measurements. 
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TABLE 6.1: Instruments and procedures used for measurement of body size, body composition and body perception in Tongans, 
Australians and Chinese, and adjustments made for differences between study sites 
Measurement Tongans (l'onga) Tongans (Sydney) Australians Chinese Procetbue/ AdjustmenJ 
instrument 
Weighing scales UNICEF portable Wedderburn beam- Wedderburn SEAC electronic Regularly calibrated Nil adjustments made 
electronic scale, balance scale electronic scale scale Same protocol 
solar- powered (see Ch 3, 3.2.3) 
Height measuring Portable height Portable height Portable height Standard wall Same protocol Nil adjustments made 
instrument measurer measurer measurer stadiometer (see Ch 3, 3.2.3) 
Tape measure Non-extensible, Non-extensible, Non-extensible, Non-extensible, Same protocol Nil adjustments made 
flexible tape no. 1 flexible tape no. 1 :flexible tape no. 1 flexible tape no. 2 (see Appendix 6.1) 
Skinfold callipers Slimguide calliper Slimguide calliper Slimguide calliper Harpenden calliper Same protocol Nil adjustments made 
to 80mm to 80mm to80mm to50mm (see Appendix 6.1) (see Chapter 6, 6.3.2) 
BIA (bioelectrical SEACsingle SEAC BIM3 and SEAC ~ultiple SEAC multiple Same protocol Reliability test 
impedance analyser) frequency BIM3 SEAC multiple frequency SFB3 frequency SFB3 (see Appendix 6.1) BIM3 readings adjusted to SFB3 
frequency SFB3 
DXA (dual energy Lunar DPX 1.3z Lunar DPX l.3z Hologic QDR 4500 Standard protocol Reliability test 
xray absorptiometry) used Hologic readings adjusted to 
Lunar (see Chapter, 6.6.3) 
Body perception Pacific Island series Caucasian series Chinese series Same protocol Reliability test 
photographic series (see Appendix 3.2) (see Chapter 2, 2.3.5 and 2.3.6) 
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Bioelectrical impedance analysis (BJA) 
BIA measurements were made on subjects who had been fasting for at least 
four hours prior to the test and were supine for less than ten minutes on a non-metallic 
surface. Body positioning and electrode placement were descnoed previously 
(Chapter 4, 4.2.3). All BIA readings were taken by the same researcher (PC) in 
Tonga and Australia. The same protocol, as outlined, was followed in Singapore 
(Appendix 6.1: Protocol for the use of the SEAC SFB3 bioelectrical impedance 
analyser). Repeatability testing was conducted in Sydney. Inter-rater reliability with 
Singapore was not tested as the same protocol was used and BIA measurements are 
highly reproduCiole. 
A SEAC Single Frequency Bioimpedance Meter 3.0 (Uniquest, Brisbane) 
(BM13) was used to measure bioelectrical impedance in Tonga. The same analyser and 
a SEAC SFB3 Multiple Frequency Bioelectrical Meter (Uniquest, Brisbane) (SFB3) 
were used on the Tongan validation sample in Sydney. The SFB3 was used to measure 
bioelectrical impedance in both the Australians and in the Chinese. Tongan data 
collected with the single frequency BMI3 machine were adjusted for differences 
between the two machines. Adjustments were made for inter-equipment differences 
(see Section 6.6.2). 
Total body dual energy xray absorptiometry (DXA) 
A subsample of every fifth female and every fifth male subject from the 
Australian and Chinese samples underwent total body dual energy xray absorptiometry 
(D~). DXA and BIA measurements were conducted, as tar as poSSiole, on the same 
day or at most within the same week. The results allowed the development of a 
specific formula for calculating FFM in the main ethnic samples. There being no DXA 
equipment in Tonga, total bone, lean tissue and fat measurements u~g DXA were 
conducted in Sydney on a separate validation sample. 
Total body DXA tests on the Tongans and Australians were conducted by the 
Royal Prince Alfred Department of Nuclear Medicine on a DXA Lunar machine with 
DPX version 1.3z software (Lunar Radiation Corp, Madison, WI). In Singapore, a 
Hologi.c QDR 4500 DXA was used for the measurements. In order to make 
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adjustments to the results from the different abso.rptiometers, 10 subjects ( 5 females, 5 
males) were measured on both the Hologic QDR 4500 and a DXA Lunar DPX 1.34 in 
Singapore on the same day, and FFM, fat mass and %fat results compared5• 
BMC results were corrected for bone and body size as recommended by 
Prentice6 (Chapter 5, 5.2.4) 
6.3.4 Statistics 
Method reliability was tested by comparing repeat measures7• Differences 
between the two BIA machines and two DXAs were also established by this means. 
Multiple regression statistics were used to develop equations for the prediction of 
FFM, and assumptions of these linear regression models (1inearity, homogeneity, 
normality) checked. 
Results are given as mean (standard error) except when indicated otherwise. 
Samples were compared using one-way analysis of variance and Bonferroni tests (for 
three way comparison) or t-tests (two way comparison). Associations between 
variables were tested using Pearson's or partial correlations. 
6.4 PREDICITON OF FAT FREE MASS USING BIOELECTIUCAL 
IMPEDANCE 
. There are a number of existing multiple regression formulae for the prediction 
of FFM from impedance measurements. Height squared divided by resistance (H2/R), 
' derived from the initial theoretical relationship between volume, length and resistance, 
is generally one predictor. Reactance may be included in addition to anthropometric 
variables (such as weight, height) and sometimes age. One study showed percentage 
fat to be a confounder and devised separate formulae for use with low and high fat 
subjects8. Varying results obtained when these formulae were applied to the Cook 
Island Maori (Chapter 4, 4.4.3 and Table 4.6) suggested that these Caucasian-derived 
formulae were not applicable to non-Caucasian groups. 
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Three procedures were used. Firstly, ethnic and sex specific equations for the 
derivation of FFM were developed for each ethnic group from the validation sample 
data, using FFM from DXA (bone mineral content (BMC) plus lean tissue mass) as the 
dependent variable. Secondly, several published prediction equations9"11 were applied 
to each ethnic group. Thirdly, ethnic and sex specific equations for each group and a 
common equation were cross-tested in all groups. 
6.4.1 Multiple regression and the prediction of fat free mass (FFM) 
The statistical technique of multiple regression is concerned with the effect of 
simultaneous changes in x., x2, x3, etc on the variable y in the relationship: 
6e) Y =<X+ f3I XI+ J32 X2 + f33 X3, ....... .. + E 
.. 
where f3, f32, f33, ...... are partial regression coefficients, a is the intercept, and e 
is an error term. The coefficient f3I is the amount by which y changes on the average 
when x1 changes by one unit and all other Xi s remain constant. It is assumed that the 
relationship between y and each x is linear (linearity); the variability about the 
regression liD.e is the same for all values of Xi (homogeneity), the errors are.nonnally 
distributed (normality) and independently distributed (independence)12.13. 
The variables were entered into the equation one at a time, beginning with the 
one providing the highest prediction of FFM. The ensuing multiple regression equation 
was then used to predict the value ofFFM in the total sample for each ethnic group. 
6.4.2 Validation of bioelectrical impedance (BIA) measurements using 
Dual-energy Xray Absorptiometry (DXA) 
Measurements of height and resistance at 50 kHz (as H2/R), weight, age and 
reactance in the Sydney Tongan sample were entered in a stepwise regression to 
develop equations for the prediction of FFM (BMC + lean tissue mass) .from whole 
body DXA. (FFM, rather than percentage fat, was chosen as the dependent variable 
because the relationship between FFM and H2/R is linear, whereas the relationship 
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between %fat and H2/R is not14). Several proposed models were examined and 
statistical assumptions of linearity, homogeneity and normality were tested in those 
selected. 
Prediction equations were also developed using resistance and reactance at 50 
kHz in the subsample of Australians and Chinese who undertook the whole body DXA 
) (j I procedure. 
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6.4.3 Application of published BIA equations for predicting FFM 
Prediction equations developed by Lukaski9, van Loan10 and Heitmann11 on 
American and Danish samples were applied to the total and validation samples for each 
ethnic group. These equations are summarised in Table 6.2 (and see Chapter 4, 
4.2.3). Equations developed by Segal8 were not used as these required dividing 
subjects into low and high body fat categories, and the application of four equations 
(two for each sex). These equations had produced a clustering ofresuhs around low 
and high body fat categories when regressed on BMI in the Cook Island Maori (Data 
not shown) 
TABLE 6.2: Published equations used to predict fat free mass from BIA 
Vat'iable Lllkaski van Loan Heitmann Heitmann 
(females) (males) 
Heigh?' /resistance 0.734 0.279 0.279 
Resistance (ohms) -0.02375 0.181 0.245 
Weight (kg) 0.116 0.3767 
Reactance (ohms) 0.096 
Sex .(F=O~ M=1) 0.878 
Age (years) -0.1531 -0.077 -0.077 
Heighr 0.00085 
Height (em) 0.231 0.231 
Intercept -4.03 17.868 -14.94 -14.94 
Subjects 151 M&F. 188M&F. 67F. 12M, 
19-SO years 16-84years 35-65 years 35-65 years 
Rsquared 0.98 0.92 0.89 
SEE 2.61 3.23 3.32 
Footnotes: a) Lukaski (Lukaski & Bolonchuk. 1987~; van Loan (van Loan & Mayclin, 19871'); 
Heitmann (Heitmann, 199011). 
b) M (males); F (females). 
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6.4.4 Application of sex and ethnic specific equations and a common 
derived equation to all groups 
Regression equations for calculating FFM were further explored to confirm sex 
and ethnic differences between the various samples. Equations derived for each ethnic 
group were applied to the other ethnic groups. A common equation was developed 
including gender as a dummy variable (male= I, female = 0) and ethnicity as three 
groups (Tongan = 1, Australian = 2, Chinese= 3). 
6.5 SUBJECI'S INCLUDED IN THE STUDY 
6.5.1 Tongans 
Table 6.3 shows the population breakdown by sex and age group (Table 6.3a) 
and by island group (Table 6.3b) ftom the most recent census data 15 and of those in 
the Tongan islands sample. The proportion of males ftom each age group in the census 
and study populations was similar. Women between 40 and 50 years were over-
sampled at the expense of those under 30; as were the those from the smaller islands of 
Ha•apai and Eua. A total of 543 subjects (299 female, 244 male) were measured. A 
small subsample (N = 89) were enrolled in a nation-wide weight loss program (WL). 
TABLE 6.3a: Age and gender distribution of the Tongan adult population 
and of the subjects included in the study 
1996Census Study sample 
Age Female Male Female Male 
group N f'-") N r'-") N ('h) N r'-") 
20-29 8062 (32.7) 8417 (35.1) 77 (25.8) 80 (32.8) 
30.39 5351 (21.7) 5253 (21.9) 70 (23.4) 52 (21.3) 
40-49 4081 (16.6) 3539 (14.7) 71 (23.7) 47 (19.3) 
5()..59 3270 (13.3) 3048 (12.7) 51 (17.1) 31 (12.7) 
60+ 3869 {15.7~ 3741 ~15.6~ 30 {10.0) 34 {13.9~ 
TotalJ!21! >20 24633 23998 299 244 
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TABLE 6.3b: Distribution of the Tongan adult population 
and of the subjects included in the study by island group 
1996Census Study sample 
Age group N (%) Nr~J 
Tongatapu 33384 (68.6) 307 (56.6) 
Vava'u 7717 (15.9) 89 (16.4) 
Ha'apai 4109 (8.4) 83 (15.3) 
Eua 2455 (5.0) 64 (11.8) 
Niuas 966 {1.12 0 
Total~>20 48631 543 
TABLE 6.4: Body mass index and age of the subjects in the 
Tongan island and validation samples 
Sample BMI t value Age 
mean (SE) (p) mean (SE) 
TonganF 32.6 (0.4) 40.8 (0.8) 
n=299 
Validation 34.3 (2.9) 1.425 40.6 (2.9) 
n= 28 (ns) 
TonganM 30.4 (0.3) 40.0(1.0) 
n=243 
Validation 32.8 (0.9) 2.344 39.0 (2.8) 
n=28 ~< 0.02l 
Footnotes: Samples compared within each sex using t-tests 
t value 
(p) 
0.079 
(ns) 
0.331 
(ns) 
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The validation sample consisted of 56 Tongan residents o.t: or visitors to, 
Sydney (28 female, 28 male). The average length of time spent in Australia was 7.8 
(0.9) years. Over 50% had spent less than 10 years away from Tonga; slightly fewer 
males ~an females. Age did not differ between the two samples, but males in the 
validation sample were heavier than those in the Tongan sample (Table 6.4). Neither 
BMI nor body fat were correlated with years spent in Australia (r = 0.03, p = 0.81; r = 
M0.05, p = 0.72 respectively). 
6.5.2 Australians 
A total of748letters of invitation were sent to subjects selected in the random 
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sample of Central Sydney Area Health Service employees. Of these, 106 (55 female, 
51 male) were unavailable (resigned, on leave, on secondment). Sixty-seven percent of 
the remaining 642 (220 F, 215M) participated. There was no difference in the size of 
sample from which female and male subjects were drawn, nor in the response rate 
between the sexes. In addition, 41 females and 5 males volunteered, were measured in 
the interest of good public relations, and were included as subjects as they were not 
significantly different with regard to age (t2s9, o.os = 0.31, 95% CI = -4.1, 3.1; t21s, o.os = 
0.25, 95% CI = -10.6, 8.3; ns for females and males respectively) or BMI (females: 
t2s9,o.os = 0.48, 95% CI = -2.2, 1.4; males: t21s, o.os = 0.35, 95% CI = -2.9, 4.1; ns). The 
total sample was thus 481 (261 females, 220 males). The subjects came from a 
diversity of ethnic backgrounds, 75% of whom were Caucasians (Table 6.5), and 
included those employed in professional, management, clerical and manual positions. 
TABLE 6.5: Ethnic origin of Australian subjects 
Country of birth 
Australia/Other English (Canada. England. Ireland. New 
Zealand. Scotland. S Africa, Wales) 
Eastern Europe (Armenia, Croatia, Hungary, Macedonia, 
Russia, Slovakia) 
Southern Europe (Greece, Italy, Malta, Portugal) 
Western/Northern Europe (Belgium, Germany) 
Middle East (E&YPt, Iran, Lebanon) 
South East Asia (Cambodia, Indonesia, Philippines, 
Vietnam) 
North East Asia (China, Hong Kong, Taiwan) 
Other Asia (Bangladesh. India, Sri Lankan) 
Latin America (Brazil, Chile, Uraguay) 
Pacific (Fiji, Samoa & other Polynesian) 
Total 
Number 
322 
30 
32 
10 
13 
20 
18 
25 
6 
s 
481 
The BMI distnoution of the subjects was similar to that of the recent National 
Nutrition Survey16, particularly for women, although the males were somewhat lighter 
(Table 6.6). Ninety four subjects (females= 50; males = 44) formed the validation 
sample. The validation sample was a sub sample of the total sample, and neither age nor 
BMI differ between them. (Data not shown) 
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TABLE 6.6: Distribution of BMI categories in Australian 
sample compared with 1995 National Nutrition Survey (NNS) 
National Nutrition Survey 
19951' 
Study sample 
BMI Female Male Female Male 
% % 
" " 
< 20 5.7 2.3 6.9 1.8 
20-<25 40.6 32.2 49.8 43.6 
25-<30 28.8 45.2 26.8 35.9 
>30 18.2 18.5 16.5 18.6 
Footnotes: a) Female sample not statistically different from NNS; chi 
square= 2.64. p > 0.05 
b) Male sample difference from NNS~ chi square= 6.06. p < 0.05 
6.5.3 Chinese 
Chapter 6 
Data were collected on 253 subjects in Singapore by the Department of 
Endocrinology, Singapore General Hospital. Data analysis was restricted to subjects of 
Chinese origin (152 females; 57 males). Selected anthropometric indices of the subjects 
from the 1999 Singapore National Health Survey17 and the study sample are given in 
Table 6.7a (females) and Table 6.7b (males). Although WHR measurements were 
also included in the survey, statistical difference could not be tested due to an error in 
reported standard deviation; thus WHR results were not included here. As a group, 
both female and male study subjects had significantly larger BMis (females: t = 3.01, p 
< 0.001; males: t = 2.54, p < 0.001) and waist circumferences (females: t = 5. 76, p < 
0.001; males: t = 2.95, p < 0.01) than those in the most recent National Health Smvey. 
How~er, when age deciles were compared, mean BMis did not differ significantly; 
and mean waist circumf~rences were significantly greater only in study females under 
40 (p < 0. 01 ), and in study males between 30 - SO (p < 0. 05). Twenty-nine females and 
18 males formed the validation sample; their age and BMI did not differ from the total 
sample. (Data not shown) 
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TABLE 6.7a: Distribution of Chinese female sample compared with 
Chinese females in the 1999 Singapore Health Survey 
Singapore National Health Study sample 
Survey 1999 
Age N BMI(SD) Waist(SD) N BMI(SD) Waist(SD) 
group 
<30 357 20.4 (3.3) 64.3 (6.6) 19 20.2 (2.4) 66.3 (4.9 
30-39 357 21.8 (3.6) 68.8 (7.4) 41 22.6 (3.8) 72.0 (8.1i 
40-49 264 23.3 (4.0) 72.9 (9.1) 42 24.2 (3.2) 76.9 (6.7i 
S0-59 153 23.5 (3.9) 74.3 (8.5) 39 23.6 (3.3) 75.7 (7.0) 
60-69 85 24.4 (4.1) 77.0 (10.0) 11 24.1 (4.4) 78.1 (11.6) 
Total 1216 22.1 (3.9) 69.6 (9.0) 152 23.1 (3.6t 74.0 (8.2i 
TABLE 6.7b: Distribution of Chinese male sample compared with 
·Chinese in the 1999 Singapore Health Survey 
Age 
Singapore National Health 
Survey 1999 
N BMI Waist 
Study sample 
N BMI Waist 
group 
<30 345 21.9 (3.5) 74.3 (9.0) 12 23.5 (2.9) 80.1 (8.8i 
30-39 342 23.1 (3.4) 79.7 (8.7) 15 24.5 (4.0) 84.4 (10.9i 
40-49 208 23.4 (3.5) 82.2 (9.2) IS 25.2 (3.5) 85.3 (8.9) 
50-59 141 23.6 (3.4) 83.2 (9.3) 4 23.9 (1.6) 82.0 (4.9) 
60-69 76 23.0 (3.6) 83.3 (11.4) 11 22.7 (1.9) 82.2 (5.8) 
Total 1112 22.9 (3.5) 79.2 (9.8) 57 24.1 (3.2Y 83.1 (8.7i 
Footnotes to Tables 6.7 a and 6.7b: Significant difference from National Health Survey 
using two sample t-test~ 1p < o.os. 2p < 0.01. 3p < 0.001. 
6.5.4 Age and BMI of subjects 
Chapter 6 
The mean ages for the total subjects were 40.6 ± 0.5 years (females) and 38.9 ± 
0.6 years (males). Chinese women were significantly older than their Australian 
counterparts (43.4 ± 0.9; 38.7 ± 0.7 respectively: F:z,7oo = 6.98, p = 0.001), as were the 
males ( 41.9 ± 1.8; 37.1 ± 0. 7: F2,s13 = 4.39, p = 0.01), with Tongans intermediate for 
both sexes. The mean BMI differed significantly across the three ethnic groups for 
both females (Tongans: 32.6 ± 6.0; Australians: 25.6 ± 5.4; Chinese: 23.1 ± 3.6; F:z,7oo 
= 202.38, p < 0.001) and males (Tongans: 30.3 ± 4.5; Australians: 26.3 ± 3.9; 
Chinese: 24.1 ± 3.2; F:z,st3 = 80.08, p < 0.001). 
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6.6 RESULTS OF RELIABILITY TESTS AND ADJUSTMENTS 
-FORUSEOFD~RENTEQUWMENT 
6.6.1 Repeatability of bioelectrical impedance measurements 
Repeat measures of impedance, resistance and reactance were taken 
immediately after initial measurements in 49 Tongan subjects. Limits of agreement 
statistics and paired t-tests showed high agreement of repeated measures (resistance: 
mean difference= 0.6 ohms, range= -3.2 to 15.0 ohms; r = 0.999, t = 1.49 (p = 0.14); 
reactance: mean difference= 0.01 ohms, range= -4.1 to 5.1 ohms, r = 0.992, t = 0.08 
(p = 0.94)) (Tables and figures appear in Appendix 6.2). 
Repeat measures of resistance and reactance, and FFM calculated using the 
derived formulae were taken in 24 Australians. The time interval averaged 33 days 
(range: 9 - 84 days) between repeat tests. Agreement was still high, although less so 
for reactance (FFM: mean difference= 0.1 kg, range= -3.0 to 2.7 kg; r = 0.99, t = 
0.30 (p = 0.76); resistance: mean difference= 3.5 ohms, range= -67.3 to 43.7 ohms; r 
= 0.95, t = 0.66 (p = 0.52)); reactance: mean difference = 1.1 ohms, range = -9.3 to 
20.4 ohms, r = 0. 72, t = 0.93 (p = 0.36)). (Tables and figures appear in Appendix 
6.2). The difference between the two readings increased slightly with increasing FFM 
and almost reached significance (p = 0.06). For resistance and for reactance, the 
differences decreased slightly as values increased. There was no time dependent effect 
on these differences (r = 0.08, p = 0.71). 
6.6.2 Adjustment ofBIM3 BIA measurements to SFB3 BIA 
measurements 
Both single frequency BIM3 and multiple frequency SFB3 data were available 
on 46 Tongan subjects. Once significant outliers (those> 2 standard deviations from 
the mean) (n = 4) were rejected, the single frequency machine gave slightly higher 
readings for resistance (mean difference= 4.2 ohms) and reactance (mean difference= 
4.6 ohms) at 50 kHz. (Table 6.8) (Figures of the mean by the difference between the 
two machines appear in Appendix 6.3) The BIM3 resistance and reactance values for 
Tongans were adjusted downwards by the mean differences. 
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TABLE 6.8: Mean difference, paired t-tests and limits of agreement statistics 
for comparison of (a) BIM3 and SFB3 BIA machines and (b) Hologic and Lunar 
DXAs 
Equipment Measured Mean 95" Cl R t value Limits of Slope of 
item diff for (significance) agreement difference 
mean on mean 
a)BJ.As6 resistance 4.2 3.1. 5.4 0.998 7.60 -4.6 to 16.6 -0.021 
(n=42) (ohms) (p <0.001) (p= 0.04) 
reactance 4.6 3.6. 5.5 0.929 9.88 -7.4to 9.8 0.101 
(ohms) (p<O.OOl) (p=0.09) 
b)DXAs0 FFM(kg) 1.2 0.5. 1.9 0.995 3.91 -0.1 to 2.8 2.76 
(n = 10) (p=0.004) (p= 0.42) 
fat mass 0.5 -1.4. 0.976 1.08 -2.8 to 1.5 -2.31 
(kg) 0.5 (p= 0.306) (p=0.02) 
percent 0.9 -2.1. 0.954 1.50 -3.3 to 2.3 -1.10 
body fat 0.4 (p= 0.168) (p= 0.31) 
% 
..........._ 
Footnotes: a) BIA (bioelectrical impedance analyser)~ DXA (dual energy xray absorptiometer) 
b)-Figures for assessment of agreement between the BIA machines appear in Appendix 6.3 
c) Figures for assessment of agreement between the DXA machines appear in Appendix 6.4 
6.6.3 Adjustment of Hologic to Lunar absorptiometer 
BMI did not differ between the Chinese validation subsample and 
Hologic/Lunar DXA validation sample, although the Hologic/Lunar DXA female 
sample were younger (p = 0.05) (Table 6.9). Readings on the two DXA machines 
were highly correlated (BMC: r = 0.994; lean mass: r =0.995; fat mass: r = 0.978; % 
fat: r = 0.957; p < 0.001). FFM (sum ofBMC and lean tissue mass) was higher (mean 
difference = 1.2 ·kg; t = 3.91, p = 0.004), and fat mass and percentage fat lower (mean 
differences = -0.5 kg and -0.9% respectively) when measured on the Hologic 
compared with the Lunar DXA. FFM showed the highest correlation of the three 
comparisons (Table 6.8). The difference between instruments was not related to the 
amount of FFM (ie did not alter significantly with increasing FFM). Since FFM was 
used in the validation of the BIA measurements, FFM values for the Hologic DXA on 
Chinese were adjusted down by 1.2 kg to account for the differences in DXA 
equipment. (Appendix 6.4 for statistics and figures). 
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TABLE 6.9: Body mass index and age of the subjects in the Chinese validation 
subsample and Hologic/Lunar DXA validation sample 
Sample BMI t value A.ge t value 
mean (SE) (!ignificancel mean (SE) ~ignificancel 
Female validation 
subsample (n = 29) 23.9 (0.6) 43.7 (1.9) 
Female Hologic/Lunar 0.70 2.07 
DXA validation 25.0 (1.2) (p=0.49) 33.8 (3.0) (p= 0.05) 
sample (n = 5) 
Male validation 
subsample (IF 18) 24.9 (0.8) 39.3 (3.0) 
Male Hologic/Lunar 1.31 0.06 
DXA validation 26.1 (1.2) (p= 0.21) 39.0 (2.8) (p= 0.96) 
sample (n= 5) 
Total validation 
subsample (n = 47) 23.9 (0.5) 42.00(1.7) 
Total Hologic/Lunar 1.47 2.08 
DXA validation 25.5 (0.8) (p=O. l5) 36.4 (2.1) (p=0.05) 
samele !n = 102 
Footnotes: a) BIA (bioelectrical impedance analyser); DXA (dual energy xray absorptiometer) 
b) Samples compared within DXA validation sample using t-tests 
6.7 DEVELOPMENT OF EQUATIONS FOR THE PREDICTION 
OF FAT FREE MASS (FFM) WITH BIOELECTRICAL 
IMPEDANCE (BIA) 
6.7.1 Prediction of fat free mass (FFM) in Tongans 
Three of the candidate models considered are shown in Table 6.10. A combined sex 
equation with gender as a dummy variable (male= 1, female= 0) was investigated 
because of the small number of validation subjects, and the less favourable R squared 
value for Tongan males (females: R2 = 0.90; males: R2 = 0.81; combined equation: R2 
= 0.94). It was ultimately rejected: the high value for the partial regression coefficient 
for gender suggested a real difference in the sample which could have inflated the R 
squared value. Thus separate sex equations were used in the analysis. The R squared 
and SEE values for females (SEE= 1. 79) indicated a better prediction ofFFM than for 
males (SEE= 3.79) (Table 6.10). The statistical assumptions oflinearity, homogeneity 
and normality were tested in the chosen models and satisfied the criteria. (Plots of 
statistical tests oflinearity, homogeneity and normality appear in Appendix 6.5). 
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TABLE 6.10: Candidate equations for predicting fat free mass 
in Tongans at 50kHz 
Variable Females only Males only Females & males 
n=28 n=28 n=S6 
Heigh?"/resistance 0.543071 0.377415 0.452840 
Weight 0.108138 0.248911 0.187850 
Age - -0.154613 -0.072721 
Sex (male =1, female= 
- -
8.421441 
0) 
Intercept 10.553711 23.179737 11.594024 
Rsquared 0.90 0.82 0.94 
SEE 1.79 3.75 3.18 
6.7.2 Prediction of fat free mass (FFM) in Australians 
Again, separate gender equations were used, due to the significant difference 
between the two sexes. Chosen equations for predicting FFM appear in Table 6.11. 
The R squared value was slightly better for males (0.92) than females (0.88), although 
both were high and acceptable. SEEs were 2.35 and 2.07 respectively for males and 
females. These were similar to the values for Tongan females, and higher than that for 
Tongan males. The inclusion of both height and H2/R for the female sample does not 
breach the rules of collinearity since H2/R is considered a single predictor. Plots of 
statistical tests of linearity, homogeneity and normality appear in Appendix 6.6. 
TABLE 6.11: Equations for predicting 
fat free mass in Australians at 50 kHz 
Variable 
Heigb?/resistance 
Weight 
Reactance 
Height 
Intercept 
Rsquared 
SEE 
Females 
n=50 
0.483449 
0.127262 
0.104455 
0.157984 
-21.196450 
0.88 
2.06 
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Males 
n=44 
0.872967 
0.101804 
0.295314 
-21.207222 
0.92 
2.33 
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6.7.3 Prediction of fat free mass (FFM) in Chinese 
The prediction equations developed for Chinese appear in Table 6.12. R 
squared was particularly high for males (0.95), but subject numbers were small. R 
squared for females (0.90) was similar to that of Australian females. SEE values were 
small (females: 1.23; males: 1.64). Plots of statistical tests of linearity, homogeneity 
and normality appear in Appendix 6.7. 
6.8 COMPARISON OF FFM VALUES FROM DXA, DERIVED 
BIA EQUATIONS AND PUBLISHED EQUATIONS 
6.8.1 Tongans 
Paired t-tests were performed between means of FFM from published 
equations with mean DXA values in the validation samples, and with means from the 
derived equation in the total samples. For female Tongans, DXA measured values 
(54.1 ± 1.0 kg) were significantly lower than FFM calculated using Lukaski's (57.0 ± 
1.2 kg; t = 6.87, p<O.OOl) and van Loan's (59.6 ± 1.2 kg; t = 7.55, p<O.OOI) equations 
and all three published equations were significantly different from the derived equation 
in the total sample (Table 6.13, a). In male Tongans, DXA FFM (74.2 ± 1.6 kg) was 
significantly higher than from the van Loan (mean= 68.5 ± 1.4 kg; t = 8.09, p<O.OOl) 
and Heitmann equations (mean = 71.2 ± 1.3 kg; t = 4.81, p<O.OOl) (Table 6.13, a). 
The van Loan equation differed most for both females and males. 
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TABLE 6.13: Mean fat free mass calculated from established regression formulae,· DXA measurement and derived formulae in Tongans, 
Australians and Chinese 
Sample MeasiO'edl Lukaski van Loan Heitmann Sample Measured/ Lukaski van Loan Heitmann 
derived derived 
Fenuzle Male 
a) Tongan a) Tongan 
Validation 54.1 (1.0) 57.0 (1.2)*** 59.6 (1.2)*** 54.3 (0.9) Validation 74.2 (1.6) 73.5 (1.6) 68.5 (1.4)*** 71.2 (1.3)*** 
n=28 n=28 
Total 52.2(0.4) 54.7 (0.4)*** 58.2(0.5)*** 52.7 (0.4)*** Total 70.2 (0.5) 70.9 (0.6)** 65.3 (0.6)*** 67.9 (0.5)*** 
n=289 n=236 
b) Australian b) Australian 
Validation 42.2 (0.8) 44.0(0.9)*** 46.9 (1.2)*** 45.4 (0.8)*** Validation 61.5 (1.2) 60.0 (1.1)*** 57.5 (1.0)*** 60.7 (1.0)* 
n=SO n=44 
Total 41.7 (0.3) 45.2(0.4)*** 46.2 (0.5)*** 44.8 (0.3)*** Total 61.2(0.6) 59.6(0.5)*** 57.8 (0.5)*** 60.9 (0.5) 
n=259 n=236 
c) Chinese c) Chinese 
Validation 32.3 (0.7) 39.3 (0.9)*** 39.7 (1.0)*** 40.0 (0.7)*** Validation 47.4 (1.6) 53.4 (1.6)*** 49.7 (1.7)** 53.8 (1.5)*** 
n=26 n= 18 
Total 31.8 (0.3) 38.5 (0.4)*** 39.7 (1.0)'"** 40.0 (0.7)*** Total 47.1 (0.9) 53.7 (l.O)*** 49.6 (0.9)*** 53.9 (0.8)*** 
n= 143 n=55 
Footnotes: a) All values expressed as FFM (SE) in kg. 
b) Lukaski (Lukaski & Bolonchuk. 1987)~ van Loan (van Loan & Mayclin, 1987)~ Heitmann (Heitmann, 1990). 
c)* p < 0.05~ *"' p < 0.01~ *** p < 0.001 using paired t-tests and comparing with measured DXA or derived values 
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6.8.2 Australians 
All three formulae gave significantly higher mean values in Australian women 
(DXA: 42.2 ± 0.8 kg; Lukaski: 44.0 ± 0.9 kg; t = 4.77, p<0.001; van Loan: 46.9 ± 1.2 
kg; t = 9.09, p<O.OOI; Heitmann: 45.4 ± 0.8 kg; t = 11.0, p<6.001); and significantly 
lower ones in males (DXA: 61.5 ± 1.2 kg; Lukaski: 60.0 ± 1.1 kg; t = 4.06, <0.001; 
van Loan: 57.5 ± 1.0 kg; t = 8.19, p<0.001; Heitmann: 60.7 ± 1.0 kg; t = 2.23, p = 
0.03) (Table 6.13, b). 
6.8.3 C:IUUlese 
All of the established formulae gave significantly different results for FFM from 
· both DXA measurements and the derived formula among female and male Chinese at 
the p < 0.001level, with established formulae giving higher values (Table 6.13, c). 
6.8.4 Application of ethnic specific equations and a common equation 
to all ethnic groups 
When regression formulae specific to each ethnic group were applied to the 
other ethnic groups, mean differences in FFM from that derived from the formula 
specific for that group ranged from 1.1 to 8.5 kg for males and from 1.2 to 7.1 kg for 
females. Student's t-values exceeded 5.1 for males and 14.9 for females, and were all 
highly statistically significant (Appendix 6.8, Table A6.8). 
The single common equation, including both sex and ethnic group as predictors 
(Appendix 6.8, Equation A6.8), confirmed that these two partial regression 
coefficients made highly significant contributions to the prediction of FFM, indicating 
real differences between the genders and ethnic groups. Significant differences in FFM 
remained between the ethnic and gender groups (Appendix 6.8, Table A6.8). 
6.8.5 Predicting FFM in Tongans, Australian and CIUUlese 
While Heitmann's formula gave a similar FFM to that measured by DXA in the 
Tongan females, all three published equations differed in Australian and Chinese 
females. Among the males, the Lukaski equation suited the Tongans, Heitmann' s was 
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closest (but just statistically significantly different) in the Australians, and all differed 
significantly in the Chinese. Application of formulae derived for each ethnic group to 
the other groups again resulted in significant differences in calculated FFM. Thus 
ethnic-specific equations were preferred for the prediction of FFM in Tongans, 
Australian and Chinese. 
6.9 DISCUSSION 
6.9.1 . Subjects 
Sample composition 
Subjects from Tonga were representative of the population, in terms of age, 
sex and distribution across the islands. Sampling predominantly from church groups 
from a variety of denominations ensured a range of occupational backgrounds among 
the subjects: 95% of the Tongan population attend church regularly. Although 
attempts were made to measure subjects who were visiting, or had spent the least 
amount of time in Australia, the Sydney sample can only be descn'bed as a convenience 
sample for several reasons: DXA procedures were only available during a limited 
number of weekday afternoons; there were limitations on the size of subjects the DXA 
table and software package could accommodate (120 kg), and large subjects were 
"squeezed" into the measurement area as much as posst'ble18, rather than being 
measured in two halves as has been attempted elsewhere19• Thus Tongan DXA 
subjects were restricted to those who were not too large and not living at too great a 
distance from the DXA machine. 
The Australians were sampled from a large employee group with a range of 
educational and ethnic backgrounds. Ease of access to the measurement location and 
DXA equipment was no doubt a factor in sustaining the response rate. The sample had 
a similar BMI distribution to that of the National Nutrition Survey16• 
The Chinese cannot be considered a representative ~le of the Singaporean 
Chinese population. Comparison with the 1999 Singapore Health Surv~7 showed 
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them to be larger, particularly the younger subjects. It can therefore only be concluded 
that the sample is biased towards larger Chinese~ Singapore. 
Sample sizes 
Sizeable Tongan and Australian samples were obtained. The sample from 
Singapore was smaller, with substantially fewer males. Selecting only Chinese subjects 
further reduced the sample size. Given the different ranges of body size between the 
three groups, comparison within the same BMI ranges often resulted in very small 
sample sizes, requiring substantial differences in mean values to be significant. 
Nevertheless, the many significant differences that were evident suggested genuine 
ethnic differences (Chapter 7). 
6.9.2 Methodology 
While there is growing interest in the investigation of ethnic group differences 
within one country (Chapter 1 ), few studies have reported comparisons between 
groups in different countries. Maintaining methodological uniformity between sites is 
one of the major difficulties in cross-cultural research; and no doubt an important 
factor in the scarcity of reported studies ofthisnature. 
Ideally, the same examiners should use identical instruments and the same 
measurement techniques at each site. Reliance on methods with high intrinsic reliability 
which are easily transferable to different sites can help reduce methodological 
differences. Where instruments differ, comparison between dissimilar ones must be 
considered, and adjustments made where necessary. The use of strict protocols, 
preferably in conjunction with some training, can improve reliability. Each of these 
techniques was used in the current study, and will be discussed in relation to the 
measurements taken. 
Anthropometry 
The majority of anthropometric measurements (on Tongans and Australians) 
were made by the same researcher (PC). The inter-rater reliability of measuring weight 
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and height is considered very high, and quality of equipment and experience with the 
procedure sufficient to minimise error. Strict protocols for measuring skinfold 
thicknesses and waist and hip circumferences were provided for Singapore. Although 
metal callipers are regarded as the criterion instrument, the Slimguide is highly reliable, 
and produces a1m.ost identical readings to the Harpenden calliper1 which was used in 
Singapore. The advantage of the wider bite of the Slimguide with the study population 
was considerably greater than any perceived deficiency of the instrument. 
Inter- and intra-rater reliability are two of the limitations of skinfold 
measurement1• Inter-rater variability between the Tongan and Australian san;tples was 
not an issue because measurements were taken by one trained researcher. The 
measurements in Singapore were also taken by one person. Although it was planned to 
test inter-rater reliability between these two, this proved not to be poSSI"ble 
(Singaporean colleague currently in Belgium). 
Both inter- and intra-rater variability were minimised by preliminary training; 
and three measurements were taken at each site and ~veraged. Difficulty in taking 
skinfold measurements in Polynesians, particularly in men with well developed 
muscles, has previously been reported2o..22 and was encountered with these subjects. 
The available study facilities in Tonga often did not provide sufficient privacy, and 
skinfolds were only taken when feasible in Tonga, but were measured on all in the 
validation sample. 
It should be emphasised that this study did not rely on skinfolds as the principal 
method for measuring body fat, but rather as an indicator of fat distribution. Inter-rater 
differences were thus less critical than if skinfolds were the sole method for measuring 
body fat. 
Assessing body composition in thefield 
Unlike skinfolds, BIA is highly reliable and repeatable when the same 
procedures are used. Factors reported to minimise in vivo precision of bioelectrical 
impedance analysis - avoidance of large intakes of food and water prior to 
measurement, measurement within ten minutes of the subject assuming the supine 
position, positioning of arms in relation to the body, reproducible positioning of the 
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electrodes23•25 - were addressed by using a strict measurement protocol Readings on 
Tongans in Tonga taken with the BIM3 were adjusted to readings taken by the SFB3. 
Specific regression equations were developed to best predict FFM derived from 
DXA, and used a number of different variables. All these variables could be considered 
to be biologically appropriate as well as statistically significant predictors of FFM14• 
There were no significant interaction terms between variables. 
There is increasing evidence that the available BIA formulae are specific to the 
population from which they were derived. Five of the published BIA formulae (Segal, 
Luk:aski, Kushner, Deurenberg and a manufacturer's secret equation) applied to two 
anthropometrically different groups - farmers from Central America and aid agency 
employees from INCAP - gave different values for FFM compared to FFM from 
densitomeuy26• A comparison of the association between body weight and resistance in 
Danes (Caucasians), Samoans from New Zealand (Polynesians), Torres Strait Islanders 
· (Melanesians) and Australian Aborigines, found different intercepts for each population 
group, suggesting resistance (and thus FFM) at any given body weight was highly 
dependent on ethnicttyl7• The use of specific equations for Aftican Americans and 
Caucasian Americans was proposed to improve the accuracy of BIA measurements in 
an ethnically diverse population28• On the other hand, little difference between FFM 
calculated from B~ bioimpedance using a Caucasian-derived formulae or skinfolds 
was found in premenstrual Chinese women29; the development of race-specific 
equations were not considered necessary. 
Equations for predicting FFM from BIA have been developed in various 
groups, mostly in Caucasian populations, and include a variety of predictors in addition 
to H21R and weight. These existing equations produced variable results when applied 
to these three population samples (Tongans, Australians and Chinese) of differing body 
size and possibly body composition, and none of the existing equations investigated 
was shown to be appropriate for use with all three populations. A different equation 
suited each different male ethnic group; and none suited both females and males from 
the same ethnic group. Similarly, applying each ethnic-specific equation to the other 
samples produced FFM values at variance with those produced by their own specific 
equation and with DXA. This was hardly swprising, given that the development of a 
regression equation for a particular group would be expected to result in an equation 
132 
Chapter 6 
which best predicted the dependent variable in that group. However, it does further 
justify the use of ethnic specific equations for each population and gender group for 
estimating FFM. 
Validation method 
Although it would have been ideal to conduct DXA measurements on all 
subjects, this was clearly not possible. The use of subsamples from the Australians and 
Chinese was the preferred method for the validation of BIA with DXA. It was not 
possible to measure DXA in a sub sample of the Tongan subjects as there was no DXA 
equipment in Tonga. However, FFM in the Tongan body composition validation 
sample was normally distnouted, and thus appropriate for validating the BIA 
measurements taken in the Tongan subjects. The Tongan equations demonstrated 
highly acceptable SEE values, particularly for Tongan women, but also for the men. 
It was also preferable, but not possible, to use the same DXA for all 
measurements, or at least the same type of absoxptiom.eter. Although there was a DXA 
Lunar in Singapore, it was situated on the other side of the island, which meant that its 
use would have resulted in high attrition rate as subject attendance could not be 
guaranteed. The next best procedure was to use the Hologic (located next door to the 
study site where attendance could be ensured) and to test reliability between the two 
types of machines, making the necessary adjustments. The 1.34 software version 
available in Singapore and the 1.3z used in Sydney with the Lunar DXA are considered 
compatlole F••tllote 12• The two DXA machines were highly correlated, with slightly 
higher fat values using the Lunar scanner. Total body %fat is generally found to be 
higher when read by Lunar absoxptiometers, particularly over the trunk area30. This 
could be due to a different intetpretation of the definition of bone rather than to 
different allocation of software regions30; or due to the inclusion of the fat in bone in. 
the calculations by the Lunar, which did not occur with the Hologic (Ian Webb, Lunar 
Cotporati.on, Sydney; personal communication). 
There is no prescnoed statistical method for adjusting the readings made with 
the Hologic DXA in the Chinese to those by Lunar DXA. Whatever method is used, it 
Footnote 12 Lunar Corporation company information distributed to radiologists with the release of 
the 1.34 version of Lunar software; May 29, 1997. 
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remains a statistical approximation to the reality of a technical difference between 
them As an alternative, a regression equation could have been developed which 
predicted FFM by one DXA by the other. This would have been preferable had the 
difference between the absorptiometer& been related to body size requiring additional 
adjustment, but this did not occur. Had the sample size been larger, it is possible that 
such a difference may have arisen31• 
6.10 SUMMARY 
Study samples, which included 543 Tongans (299 females, 244 males) in 
Tonga, 481 Australians (261 females, 220 males) in AustraHa, and 198 Chinese (143 
females, 55 males) in Singapore, have been descnoed. Weight, height, waist, hips and 
resistance and reactance at 50 mHz using BIA, and body perceptions and preferences 
using a specially designed BPI, were measured on all subjects. Four skinfolds were 
measured on an Australians and Chinese, and some Tongans. Elbow breadth and arm 
circumference measurements were taken on an Australians and some Tongans. Ethnic 
and gender specific regression equations for predicting FFM from BIA were developed 
using DXA measurements on a separate sample of Tongans in Australia (28 females, 
28 males) and subsamples of Australians (50 females, 44 males) and Chinese (29 
females, 18 males). The use of these equations in each specific population group was 
shown to be preferable to the use of published equations or the application of a single 
derived equation. BMI, WHR, sum of four skinfolds, arm muscle area, FFM, fat mass 
' 
and o/ofat were calculated. Adjustments were made for the use of different BIA 
instruments in the Tongans, and DXA absorptiometer& in Singapore. 
Results of the measurements and analysis are reported in Chapter 7. 
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BODY PERCEPTION AND PERCENT BODY 
FAT IN TONGANS, AUSTRALIANS AND 
CHINESE: RESULTS 
I' 
Objectives 
This chapter will report results from 
• Measuring body size perception in three ethnic groups; 
• Comparing body size perception and preferences between these ethnic groups and 
with measured body size; 
• Measuring body composition in three ethnic groups; 
• Comparing body composition between these ethnic groups and with current 
recommended healthy weight ranges; 
• Comparing body size perception, body composition and current recommended 
healthy weight ranges. 
I 
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7.1 INTRODUCTION 
This chapter is a culmination of the work reported in previous chapters. The 
instrument which was developed for measuring body size perception (BPI) has been 
tested in cross-cuhural samples, and shown to be well suited for the' purpose for which 
it was designed. A method for measuring body composition in several ethnic groups 
has been selected, validated, and ethnic specific prediction equations prepared for use. 
These methods will be applied to the three ethnic groups under investigation in order 
to determine whether body perception and body composition differ between the 
groups, and the relationship between body perception and body composition within 
each group. The results of the cross-cultural measurement of body perception and 
body composition will be reported as main findings within each ethnic group, followed 
by a comparison between the ethnic groups. 
7.2 BODY SIZE PERCEPTION 
7.2.1 Body size perception of Tongans 
Women's BMI increased with age (r = 0.18, p= 0.001): men's did also, but the 
relationship was less strong (r = 0.12, p = 0.04). Women were heavier as a group than 
men (Table 7.1). 
Perceived and preferred body size 
Measured, perceived and preferred body size for Tongan women and men 
appear in Table 7.1. Women underestimated their current body size by about 1.5 
kg/m2 (measured: 32.6 ± 0.4; perceived: 31.1 ± 0.5; t = 4.87, p <0.001}, although older 
(over 50) and heavier (with BMI ~ 35) women were more accurate (Table 7.2). Men 
overestimated their weight to a similar degree (measured: 30.4 ± 0.3 kg/m2; perceived: 
32.1 ± 0.6; t = 5.16, p <0.001), except those participating in the Weight Loss Program 
(WL) who overestimated to a far greater extent (measured: 34.0 ± 0.7 kg/m2; 
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perceived: 39.6 ± 1.8; t = 4.05, p <0.001) (Table 7.1). Younger men (under 30) and 
those with a BMI under 30 perceived their body size accurately (Table 7.2). 
Preferred sizes were significantly smaller than both measured and perceived 
body sizes in all groups, although the difference between preferred and measured sizes 
was only small among Tongan men (ie those who were not participating in the WL) 
(Table 7.1). WL participants of both sexes preferred to have smaller body sizes than 
those who were not (BMis of23.5 kglm2 compared with 24.9 kglm2 for women, t = 
2.35, p= 0.02; 27.9 kg/m2 compared with 29.5 kg/m2 for men, not statistically 
significant). Older (partial corr = 0.25, p < 0.001, controlling for own BMI), heavier 
women (partial corr = 0.13, p = 0.03, controlling for age) preferred larger body sizes . 
Men's preferred sizes were not related to either their age or measured BMI. 
TABLE 7.1: Tongan measurements, perceptions and preferenceS of body size 
BMI AU Tongan Weight Loss 
(kglm') women Tongan women 
(n =299) (n=64) 
Own body size 
Measured BMI 32.6 (0.4) 35.0 (0.8) 
Perceived BMI 31.1 (O.St 33.4 (1.2t 
Preferred BMI 24.6 (0.3)b 23.5 (O.S)bo 
Female body size 
Healthy 24.9(0.3) 23.3 (O.St 
Attractive 25.4(0.3) 23.2(0.6t 
Male body size 
Healthy 25.7 (0.3) 23.9 (0.7)0 
Attractive 26.8 (0.3t 24.9 (0.7)00 
AI/ Tongan 
men 
(n =243) 
30.4 (0.3) 
32.1 (0.6). 
29.4 (0.3)b 
26.5 (0.4)" 
26.7 (0.4)" 
28.7 (0.3)" 
29.8(0.4t 
Weight Loss 
Tongan men 
(n=2S) 
34.0 (0.7) 
39.6 (I.8t 
27.9 (I.O)b 
26.1 (1.2)" 
27.2(1.2)" 
28.0 (1.1)" 
29.4(1.4t 
Footnotes: a) Expressed as mean BMI (SE) in kg/m2 
b) Groups compared using t-tests: statistical different (p < 0.05) from -measured BMI~ 11perceived 
BMI~ "women~ d healthy size 
Healthy and attractive body sizes 
Female sizes: Tongan women chose larger attractive female size (AF) than healthy 
female (HF) size (t = 2.15, p = 0.03). Women participating in the WL chose smaller 
sizes than those who were not (AF: t = 3.80; HF: t = 3.05, p < 0.001) (Table 7.1). On 
the other hand, Tongan men chose significantly larger HF and AF than those chosen by 
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the women (BMI = 27.5 kglm2 versus 25.0 kglm2; p< 0.001) (Table 7.1). Older 
women and men also preferred larger AF. 
TABLE 7.2: Subjects' accuracy in body perception by BMI and age group 
Ethnic Accuracy BMI Measured Perceived Age Measured Perceived 
and of groups BMI BMI groups BMI BMI 
gender perception (n) (tvalue) (n) (I value) 
8!..0"1!.. 
Tongan Accurate BMI ~ 35 39.3 (0.3) 39.1 (0.8) ~50 years 32.9 (0.6) 33.4 (1.0) 
women (n== 99) (0.41) (n== 78) (0.95) 
Under- BMI < 35 29.2 (0.3) 27.0 (0.4) <SO years 32.5 (0.4) 30.2 (0.6) 
estimate (n=194) (6.55)* .. (n=216) (6.74)*** 
Tongan Accurate BMI < 30 26.8 (0.2) 27.0 (0.5) <30years 28.1 (0.4) 27.9 (0.8) 
men (n= 125) (0.41) (n= 80) (0.47) 
Over- BMI~30 33.9 (0.3) 37.8 (0.7) ~30years 31.3 (0.4) 34.3 (0.7) 
estimate (n= 114) (7.26)*** (n == 159) (6.53)*** 
Australian Accurate BMI <20 18.9 (0.2) 19.4 (0.8) 
women (n = 18) (0.83) 
Over- BMI~20 26.2.(0.3) 28.6 (0.5) 
estimate (n=241) (8.50)*** 
Australian Accurate BMI<25 23.0 (0.2) 22.8 (0.4) <25 years 25.7 (1.0) 26.0 (1.4) 
men (n= 100) (0.60) (n = 18) (0.31) 
OVer- BMI~25 29.0(0.3) 31.5 (0.7) ~25years 26.3 (0.3) 27.7 (0.5) 
estimate (n= 119) (4.64)*** (n=201) (3.69)*** 
Chinese Accurate BMI<20 18.7 (0.2) 19.0(0.5) 
women (n=29) (0.65) 
OVer- BMI~20 24.1 (0.3) 26.8 (0.6) 
estimate (n= 124) (6.36)*** 
Chinese Accurate BMI<20 19.2 (0.2) 20.0(1.3) 
men (n=6) (0.68) 
Over- BMI~20 24.7. (0.4) 29.8 (0.8) 
estimate ~n=512 ~7.6~··· 
Footnotes: a) Subjects grouped according to accuracy of perception. Where no groups are included 
there were no accurate estimations. 
b) All results given as mean BMI (SE) in kg/m2 • 
c) Perceived BMI compared with measured BMI within groups using t-tests: *** p<0.001 
Male sizes: Attractive male size (AM) was seen as larger than healthy male size 
(HM) by both women (t = 4.51, p < 0.001) and men (t = 3.80, p < 0.001). Men's 
preferred size were similar to their chosen AM rather than HM. Men also preferred 
larger male sizes than women did(::: 29 kg/m2 compared with 26 kglm2 for HM; 30 
kglm2 compared with 27 kglm2 for AM; p< 0.001) (Table 7.1). WL women chose 
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smaller ideal sizes for AM (t === 3.20, p === 0.002) and HM (t = 3.18, p = 0.002) than 
non-WL women, but WL men's choices did not differ from those ofnon-WL. Older 
women and men preferred larger AM. 
7.2.2 Body size perception of Australians 
BMI increased with age for both women (r = 0.22, p < 0.001) and men (r = 
0.23, p < 0.005). Australian men were slightly, but not significantly, heavier than the 
women in this sample (Table 7.3). 
TABLE 7:3: Australian measurements, perceptions 
and preferences of body size 
BMI Australian Australian 
(kg/ttl) women men 
(n==261) (n=JJO) 
Own body size . 
Measured BMI 25.6 (0.3) 26.3 (0.3) 
Perceived BMI 27.9 (0.5)8 27.5 (0.5t 
Preferred BMI 21.3 (0.2)b 24.4 (0.2)b 
Female body size 
Healthy 21.9 (0.2) 21.6 (0.2) 
Attractive 20.5 (0.2)d 21.1 (0.2)<>1 
Male body sir.e 
Healthy 23.8 (0.2) 23.5 (0.2) 
Attractive 23.6 (0.2) 24.1 (0.2)d 
Footnotes: a) Expressed as mean BMI (SE) in kgfm2 • 
. b) Groups compared using t-tests: statistical different (p < 0.05) 
from *measured BMI; bperceived BMI; "women; d healthy size 
Perceived and preferred body size 
Australian women overestimated their body size by 2.3 kg/m2 (measured: 25.6 
± 0.3 kg/m2; perceived: 27.9 ± 0.5; t = 8.47, p <0.001). Men also overestimated, but to 
a lesser extent (measured: 26.3 ± 0.3 kg/m2; perceived: 27.5 ± 0.5; t = 3.67, p <0.001) 
(Table 7.3). Australian men with BMis under 25 kg/m2 and women whose BMI was 
less than 20 kg!m2 perceived accurately; all the rest overestimated (Table 7.2). 
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Both females and males preferred body Sizes that were significantly smaller 
than their perceived sizes (t = 15. 79; t = 7.68, p < 0.001 respectively) (Table 7.3). 
Heavier women (r = 0.42, p < 0.001) and men (r = 0.23, p = 0.001) preferred larger 
body sizes. There was no age differences in preferences. 
Healthy and attractive body sizes 
Females: HF did not differ between the sexes, but women chose a significantly 
smaller AF (t = 2.12, p = 0.03) than that chosen by Australian men (Table 7.3). 
Males: HM and AM chosen by women and men did not differ. Neither choice 
was affected by age or own measured BMl 
' 7.2.3 Body size perception of Chinese 
Female and male Chinese had similar BMis (23.1 ± 0.3 kglm2 and 24.1 ± 0.4 
kg/m2 respectively) (Tabl~ 7.4). While women in this sample tended to gain weight 
with age (r = 0.26, p = 0.001), age and BMI were not associated in men. Average age 
was similar in both sexes; 43.4 ± 0.9 years for females, and 41.9 ± 1.8 years in males. 
TABLE 7.4: Chinese measurements, perceptions 
and preferences of body size 
BMI Chinese Chinese 
(kg!Jtl) women men 
(n= 153) (n=57) 
Ownbodysiu 
Measured BMI 23.1 (0.30 24.1 (0.4) 
Perceived BMI 25.3 (O.S)a 28.8 (0.8t 
Preferred BMI 20.7 (0.3)b 26.3 (0.6)b 
Female body size 
Healthy 20.6 (0.3) 20.7 (0.4) 
Attractive . cJ 20.2(0.5t 19.1 (0.3) 
Male body size 
Healthy 28.0 (0.5) 26.7 (0.7) 
Attractive 27.6 (0.4) 26.9 (0.1) 
Footnotes: a) Expressed as mean BMI (SE) in kg/m2• 
b) Groups compared using t-tests: statistical different (p < 0.05) 
from -measured BMI; bperceived BMI; "women; cl healthy size. 
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Perceived and preferred body size 
Both women and men overestimated their own body size; women by about 2 
kg/~ (t = 7.17, p < 0.001), and men by almost 5 kg/m2 (t = 7.36, p < 0.001). Only 
those with a B:MI under 20 were accurate (Table 7.2, Table 7.4). 
Preferred sizes for both sexes were significantly smaller than perceived sizes 
(females: t = 10.81, p < 0.001; males: 3.26, p = 0.002). Larger women preferred larger 
sizes (r = 0.21; p < 0.001). Chinese men preferred to be larger than their measured 
size. 
Healthy and attractive body sizes 
Females: As with Austr~s, Chinese of both sexes chose very similar HF 
(20.6 kg/m2), but women chose a smaller AF than did the men (t = 2.02, p = 0.04) 
(Table 7.4). 
Males: There were no statistically significant differences between women and 
men nor between healthy and attractive sizes for males (Table 7.4). 
7.2.4 Comparison of body perception between ethnic groups 
Body perception data for each of the three ethnic groups are presented 
separately in Tables 7.1, 7.3 and 7.4. These data are also presented graphically 
(Figures 7.1 and 7.2) for comparison between the ethnic groups. 
Perception of own body sizes 
There was a general tendency to overestimate own body size (Figures 7.1 and 
7.2: measured and perceived) except by Tongan women. Tongan WL and Chinese men 
overestimated the most (about 5 kg), followed by Australian and Chinese women (over 
2 kg) and Tongan and Australian men (around 1.5 kg). Females were similarly 
accurate, whether they under- or overestimated. Tongan were equally accurate as 
Australian males, but Chinese men were less so. Perceptual inaccuracy increased as 
body size increased among Australian women (r = -0.22, p < 0.001) and men (r = -
0.32, p < 0.001) and Chinese women (r =- 0.21, p < 0.01). 
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FIGURE 7.1: Preferences for, and perceptions of, female body sizes: 
comparison between Tongans, Australians and Chinese 
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Footnotes: a) AF (attractive female size)~ F (females)~ HF (healthy female size)~ M (males). 
b) *significantly different from other ethnic groups (p < 0.05) using the Bonferroni test 
FIGURE 7.2: Preferences for, and perceptions of, male body sizes: 
comparison between Tongans, Australians and Chinese 
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Footnotes: a) AM( attractive male size)~ M (males)~ HM(healthy male size)~ P (females). 
b) *significantly different from other ethnic groups (p < 0.05) using the Bonferroni test 
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All women wanted to be smaller than they perceived themselves to be (Figure 
7 .1, perceived and preferred). Comparison· between perceived and preferred sizes 
indicated that Australian women were the least satisfied with their current body size. 
Older Tongans and Chinese preferred larger body sizes. These obsezved differences (ie 
between perceived and preferred sizes) were less extreme in men, suggesting men were 
less dissatisfied with their currently perceived size than were women (Figure 7.2). 
Male preferred own body size did not differ with age in any of the ethnic groups. 
l Female body size preferences 
I 
I 
t Tongan women's preferred own body size, HF and AF (24.6 - 25.4 kg/m2) 
! I were significantly larger than those chosen by Australian women (20.5- 21.9 kglm2) 
and by Chinese women (1~.1- 20.7 kg/m2) (p < 0.05) (Figure 7.1, HF and AF chosen 
by females). Tongan women chose AF which were larger than HF, while AF chosen by 
the Australians and Chinese were smaller than HF (Figure 7.1). Tongan males also 
preferred larger AF and HF than did Australian and Chinese males (p < 0.05). 
Ideal female sizes increased gradually with age for both Tongan women (AF: r 
= 0.17, p = 0.002; HF: r = 0.20, p = 0.001) and men (AF: r = 0.36, p<O.OOI; HF: r = 
0.30, p< 0.001), and Chinese women (AF: r = 0.24, p = 0.003; HF: r = 0.34, p< 
0.001), and men (AF: r = 0.49, p<O.OOl; HF: r = 0.54, p< 0.001) (Table 7.5). Neither 
AF nor HF chosen by Australian women changed with age, although older Australian 
men preferred larger AF (partial corr = 0.16, p = 0.02, controlling for BMI). 
I 
~ 
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TABLE 7.5: Differences in attractive and healthy females sizes with age chosen 
by Tongan, Australian and Chinese females and males 
A.ge groups Correlation with age 
Ethnic 
lfi'OUps <30 30-40 -10-50 >50 corrcoeff {PJ 
Ton~ Attractive 23.9(0.5 24.2 (0.5) 26.5 (0.7) 26.3 (0.8 0.17 0.002 
women Healthy 23.7 (0.4 24.5 (0.5) 25.0(0.6) 26.1 (0.7 0.20 0.001 
{n - 77) (n - 70) (n = 70) (n =81) 
Ton~ Attractive 24.1 (0.5) 26.3 (0.7) 28.4 (0.9) 29.1 (0.7) 0.36 <0.001 
men Healthy 24.5 (0.6) 26.2(0.7) 27.6 (0.7) 28.7 (0.8) 0.30 <0.001 
(n -= 80) (n ""52) (n=46) (n = 63) 
Australian Attractive 19.6 (0.3 21.1 (0.3) 22.5 (0.4) 20.9 (0.5) 0.10 ns 
women Healthy 21.4 (0.3) 22.2 (0.3) 22.0(0.5) 21.8 (0.4) 0.04 ns 
(n - 66) (n = 76) (n= 64) (n =53) 
Australian Attractive 20.2 (0.3) 21.3 (0.4) 21.8 (0.4) 21.6 (0.6) 0.16 <0.05 
men Healthy 21.2 (0.3) 22.0 (0.4) 22.0 (0.4) 21.1 (0.6) 0.02 ns 
(n = 65) (n = 76) (n = 44) (n = 34) 
Chinese Attractive 17.0 (0.5) 18.7 (0.6) 19.5 (0.4) 19.8 (0.5) 0.24 <0.005 
women Healthy 18.4 (0.4) 19.1 (0.4) 21.4 (0.7) 22.1 (0.6) 0.34 <0.001 
{n = 19) {n = 41) (n = 42) (n =51) 
Chinese Attractive 18.2 (0.4) 19.5 (0.9) 19.8 (0.8) 22.8 (1.2) 0.49 <0.001 
men Healthy 19.4 (0.6) 19.0(0.7) 20.8 (0.6) 23.3 (0.9) 0.54 <0.001 
(n-= 122 (n = 15l 
Footnotes: a) Expressed as mean BMI (SE) in kg/m2 
(!z = 15l (!z = 15l 
b) Pearsons correlation between BMI and age 
Male body size preferences 
Own preferred size, AM and HM differed significantly between Tongans (28. 7 
- 29.8 kg/m2), Chinese (26.3 - 26.9 kglm2) and Australians (23.5 - 24.4 kg/m2) (p < 
0.05) (Figure 7.2). Chinese men preferred sizes that were intermediate between those 
of Tongans and Australians although they had the smallest measured body size (Figure 
7.2). While Tongan women preferred male sizes that were in the order of 2.5 kg/m2 
smaller than those chosen by their men, Australians and Chinese women's preferences 
were simUar to those of their men (Figure 7.2). Older Tongans (men: r = 0.19; 
women: r = 0.25, p< 0.001) and Chinese (men: r = 0.30; women: r = 0.35, p< 0.001) 
preferred larger AM (Table 7.6). Age was not correlated with HM, except among 
Chinese women (r = 0.38, p< 0.001). 
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TABLE 7.6 Differences in attractive and healthy males sizes with age chosen by 
Tongan, Australian and Chinese females and males 
Age IJI'OUps Correlation with age 
Ethnic 
groups <.30 30-40 4()..50 >50 corrcoeff {f!) 
Tongan Attractive 25.2 (0.5 25.9 (0.5) 27.8(0.7) 28.3 (0.7) 0.25 <0.001 
"WOmen Healthy 25.3 (0.5 25.5 (0.6) 26.1 (0.7) 26.1 (0.6) 0.08 ns 
(n = 77) (n = 70) (n = 71) (n ""80) 
Tongan Attractive 28.5 (0.7) 29.6(0.6) 30.5 (0.8) 31.2 (0.8) 0.19 . <0.005 
men Healthy 27.9 (0.6) 28.7 (0.6) 29.7 ( 0.8) 29.2 (0.7) 0.10 ns 
(n = 80) (n =52) (n = 46) (n = 64) 
Australian Attractive 23.6 (0.3) 23.9 (0.4) 23.4 (0.4) 23.7 (0.6) 0.01 ns 
women Healthy 23.9 (0.3) 23.7 (0.4) 24.1 (0.6) 23.7 (0.6) 0.02 ns 
(n = 66) (n = 76) (n = 64) (n .. 53) 
Australian Attractive 24.3 (0.4) 24.1 (0.4) 24.1 (0.5) 24.1 ( 0.7) -0.02 ns 
men Healthy 24.0(0.4) 23.5 (0.4) 23.3 (0.5) 22.7 (0.7) -0.13 ns 
(n = 65) (n = 76) (n = 44) (n = 34). 
Chinese Attractive 24.6 (0.9) 26.1 (0.6) 28.2(0.7) 29.5 (0.8) 0.35 <0.001 
_women Healthy 24.8 (0.8) 25.7 (0.5) 28.8 (0.8) 30.3 (0.9) 0.38 <0.001 
(n == 19) (n = 40) (n = 42) (n =51) 
Chinese Attractive 25.0 (0.9) 25.3 (1.1) 28.8 (1.1) 28.0 (1.7) 0.30 <0.05 
men Healthy 25.3 (1.0) 25.0 (1.3) 29.0 (1.6) 27.0 (1.4) 0.21 ns 
(n = 12) (n = 15) (n =- 15) (n = 15) 
Footnotes: a) Expressed as mean BMI (SE) in kglm2 
b) Pearsons correlation between BMI and age 
7.3 BODY SIZE COMPOSIDON 
7.3.1 Body size and composition of Tongans 
Anthropometry, fat free mass, fat mass and percent body fat 
Mean anthropometric values for Tongan subjects are given in Table 7. 7. Age, weight, 
waist and midann circumference measurements were similar for both sexes; height, 
waist/hip ratio (WHR), midarm muscle size and elbow breadth were higher in males; 
and B~ hips, and all the skinfolds were higher in females. 
Linear regression equations developed for estimation of FFM from BJA 
(Section 6.7.1) were applied to the total Tongan sample. Mean values of FFM, fat 
mass and %fat appear at the lower part of Table 7.7. FFM, divided into deciles, for 
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female and male Tongans was close to normally distnl>uted, with slight positive 
skewness (Appendix 7.1, Figures A7.1a, A7.1b). 
~ 
Comparison of percent body fat measured by skinfolds, DXA. and BIA 
Percent fat measured with DXA and calculated from sum of skinfolds and BIA 
appear in Table 7.8a. Correlations of%fat derived from skinfolds with %fat fromBIA 
(r = 0.55) and %fat measured with DXA (r = 0.68) for females were highly significant 
(p < 0.001). Results were similar in males (BIA: r = 0.59, DXA: r = 0.73, p < 0.001). 
r Although strongly correlated, there were significant differences between %fat 
I 
determined by skinfolds and DXA for females and between skinfold and BIA and DXA 
%fat in males (Table 7.8a). Skinfolds overestimated %fat in male Tongans compared 
with other methods, and gave slightly lower values in Tongan females. 
7.3.2 Body size and composition of Australians 
Anthropometry, fat free mass, fat mass and percent body fat 
Australian men were heavier, taller, with a higher BMI, waist, WHR; ann 
muscle and elbow width than women. Women had greater skinfolds and the same 
mean hip measurement (Table 7. 7). 
Mean values for FFM, fat mass and % fat were calculated as described in 
Section 6.7.2 (Table 7.1). The FFM for female and male Australians was close to 
normally distnouted, with slightly more positive skewness in males (Appendix 7.2, 
Figures 7.2a, 7.2b ). 
Comparison of percent body fat measured by skinfolds, DXA. and BIA 
Skinfolds gave similar results to other methods in AustraHan males, but lower 
values in feinales. Correlations ofo/ofat derived from skinfolds with o/ofat from BIA (r = 
0.79) and from DXA (r = 0.85) were similar for females and for males (BIA: r = 0.73; 
DXA: r = 0. 78). Paired t-tests demonstrated significant differences between skinfold 
%fat and other methods in female Australians (Table 7.8b ). 
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TABLE 7.7: Anthropometric and body composition data on Tongans, Australians, Chinese 
Age(yrs) 
Weight (kg) 
Height (em.) 
BMI(k!Vm2) 
Waist (em) 
Hips (em) 
WHR. 
Biceps(mm) 
Triceps (mm) 
Subscapular (mm.) 
Suprailiac (mm) 
Sum skinfolds (mm) 
Midarm circumference 
(em) 
Arm muscle area ( cm1) 
Elbow(cm) 
Tongan& Australians Chinese 
Females Males Femtdn Males Females Male 
~01• ln_~un~ 111•261) ln•221JL_ ln•14~) I~ 
40.8 (14.0) 40.0 (1S.2) 38.7 (10.9t 37.1 (10.6)0 43.4 (1U)11 41.9 (13.9)11 
89.2 (17.5)t.o 93.9 (1S.1)bo 68.1 (IS. I).. 8U (13.4)"" 56.5 (9.6)"" 68.8 (10.9) .. 
16S.3 (4.4t 176.1 (6.4[ 162.9 (7.2)80 176.0 (7.4)c 155.2 (10.7)"" · 168.8 (6.3)ob 
32.6 (6.00 c 30.3 (4.5) 25.6 (5.4)80 26.3 (3.9)"' 23.1 (3.6)11> 24.1 (3.2) .. 
98.0 (14.7)bo 99.5 (ll;S)bo 80.6 (13.l).c 92.1 (11.7).., 74.0 (8. l)ab 83.1 (8. 7)ab 
116.9 (11.6)bo 110.1 (8.3)bc 104.7 (12.7)10 104.3 (9.9)10 94.9 (9.5)ob 95.7 (5.8)"" 
o.84 (O.o8t 0.90 (0.06)~~o 0.11 (O.o7)• o.88 (O.o.s)• o.78 (O.o6)• o.s7 (0.05)* 
19.6 (7.0) 8.4 (4.6) 12.1 (6.0).c 6.8 (3.S) 9.4 (3.5)ob 6.3 (1.9) 
(107) (106) 
27.0 (8.S)"" 13.S (6.5)bo 18.7 (6.l)a 11.0(2.9t 10.9 (4.5t 19.7 (5.7)a 
(107) (106) 
34.8 (9.3)bo 25.2 (10.4)bo 20.4 (8.4)10 \ 18.1 (6.8)1 22.5 (S.O)ob 18.5 (6.1)* 
(50) (63) 
34.1 (9.6t 29.9 (13.4)bo 21.0 (9.2)' 13.8 (5.9) .. 24.0 (9.2)"' 20.3 (7.3)a 
(50) (63) 
115.3 (28.7)bc 78.5 (30.4)bo 72.2 (26.8)' 49.60 (13.8)ob 59.8 (20.6)10 71.8 (21.6)* 
(50) (63) 
37.7 (4.5)b 36.3 (5.3)11 31.0 (4.3)1 32.9 (3.2)1 
(92) (84) 
63.3 (12.6)11 74.8 (16.0)b 44.4 (13.0)1 69.7 (13.1)* 
(92) (84) 
7.1 (0.5)11 7.62 (0.4)b 6.4(0.4)* 7.31 (0.4)a 
(92) (81) 
FFM (kg) 52.2 (6.3)~~o 70.2 (8.l)bo 41.7 (5.3)80 61.2 (8.7)"" 32.2 (3.7)ab 47.1 (6.6)ob 
Fat mass (kg) 37.1 (12.1)"" 23.5 (8.9)b 26.3 (11.1t 20.3 (8. 7)a 24.2 (6.9t 21.2 (6.4) 
%rat 4o.s (6. n"" 24.4 (5.9t 37.3 (7 . .s).. 24.2 (7.9)~ 42.2 (5.8)11> 30.6 (6.s)ob 
Footnotes: a) The populations studied are described in 6.3 Methods, as is the way of taking measurements. b) Results expressed as mean (SD) 
c) Ethnic groups compared with one way AN OVA and Bonferroni test (3 groups) or independent t-tests (2 groups): statistical significance (p < 0.05) from --r'ongans 
b Australians °Chin.ese of same sex. . 
d) •Skinfold, arm and elbow measurements were not conducted on all Tongan subjects. The number of subjects measured is recorded below each measurement 
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TABLE 7.8: Comparison between mean percent fat calculated or measured by three different methods: 
BIA, skinfolds, and DXA, in Tongans, Australians and Chinese 
Sample N Skinfold BIA. DXA. Correlation Sample N Skin fold BIA. DXA. Correlation 
~fat %fat %fat coefficient' %fat %fat %fat coefficienl 
(t value) (t valueJ 
a) Tongans Females Males 
o.ss 0.59 
Total 49 39.7 (0.6) 40.2 (l.O) (0.67) Total 60 27.0 (1.0) 25.0 (1.1) (2.13)* 
0.68 0.73 
Validation 28 39.2 (0.9) 41.7 (1.1) (3.17)** Validation 28 30.1 (1.5) 27.4(1.4) (2.69)* 
b) .A.ustNiians 
0.79 0.73 
Total 260 33.3 (0.4) 37.3 (O.S) (14.04)*** Total 220 23.7 (0.4) 24.2(0.5) (1.34) 
0.85 0.78 
Validation 50 34.0 (1.0) 36.8 (1.2) (5.74)*** Validation 44 23.9 (1.1) 23.7 (1.1) (0.43) 
c)Chinese 
0.64 0.11 
Total 141 34.1 (0.5) 43.1 (0.5) (22.13)••• Total 55 22.8 (0.6) 30.6 (0.9) (13.05)••• 
0.71 0.85 
Validation 26 35.2 1.1 10.90 ••• Validation 18 21.8 1.1 8.81 ••• 
Footnotes: a) Sldnfold (% fat derived from swn of skinfolds (Durnin & W 
b) Results expressed as mean BMI (SE) in kg/m2 
rsley. 1974))~ BIA (bioelectrical impedance)~ DXA (dual energy xray absorptiometcy). 
c) 1Pearsons correlations between o/ofat measured by BIA and DXA all highly correlated with skinfold %fat (p < 0.001) 
3. o/ofat byBIAandDXAcompared with %fat from skinfolds using paired t-tests: • p < 0.05~ •• p < 0.01~ ••• p < 0.005 
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7 .3.3 Body size and composition of Chinese 
Anthropometry, fat free mass, fat mass and percent body fat 
Chinese men had higher mean values for weight, height, B:MI, waist, hips and 
WHR, but lower skinfolds than women (Table 7.7). The additional arm circumference 
and elbow width measurements were not collected on this sample. 
Calculated mean values for FFM, fat mass and% fat are given in Table 7.7. 
The FFM for female and male Chinese was close to normally distnouted, with slight 
positiv~ skewness (~ppendix 7.3, Figures 7.3a, 7.3b). FFM for females covered a 
more limited range than for the other two ethnic groups (Appendix 7.1, Figure 7.3a). 
Comparison of percent body fat measured by skinfolds, DXA and BIA 
Correlations between %fat measurements were all highly statistically significant 
(females: BIA: r = 0.64; DXA: r = 0.71; males: DXA: r = 0.77; DXA: r = 0.85; p < 
0.001) (Table 7.8c). Skinfolds gave significantly lower values for %fat than did DXA 
or BIA for both sexes (Table 7.8c). 
7.3.4 Comparison of body composition across ethnic groups 
Ethnic differences in anthropometric variables 
Weight, height, B:MI, waist, hips, and biceps and subscapular skinfolds 
measurements for women differed significantly between the three ethnic groups. 
Tongan women had significantly greater WHR, triceps, subscapular and sum of 
~olds than the other two groups; and they had greater arm muscle circumference, 
arm muscle area and elbow breadth than Australians (Table 7. 7). 
Weight, BMI, waist, hips, suprailiac and sum of skinfolds differed significantly 
with ethnicity in males. The Chinese were shorter than Tongans and Australians; and 
Tongans had higher WHR, triceps and subscapular skinfolds than the other two 
groups. Elbow and arm muscle measurements were significantly higher in Tongans 
than in Australians (Table 7. 7). Elbow and arm muscle measurements were not 
measured on the Chinese. 
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Ethnic differences in fat free mass, fat mass and percent fat 
Among women, FFM (Fz,6ss = 711.70, p <0.001) and %fat (Fz,6ss = 38.22, p 
<0.001) differed significantly between the three ethnic groups. Fat mass of Tongans 
was significantly higher than in Australian and Chinese women (Fz,6ss = 92.87, p 
<0.001). FFM also differed significantly among the three groups of men (Fz,sos = 
192.93, p <0.001). The fat mass (Fz,sos = 8.30, p < 0.001) of Tongans was significantly 
higher than in Australians, and %fat higher in the Chinese than in the other two groups 
(Fz,sos = 18.39, p < 0.001) (Table 7.7). 
Since average BMI differed between the ethnic groups, subjects were divided 
into BMI subgroups and further analysed. Firstly FFM, fat mass and %fat were 
compared (Table 7.9). Due to the differing ranges of values in each ethnic group, only 
two groups (Chinese and Australians) were compared in the lowest BMI group (BMI 
<2o kg/m2) and two (Tongans and Australians) at a BMI 2: 35 kg/m2. FFM differed 
significantly with ethnicity at all levels of BMI for both sexes (p < 0.05). Percent fat 
also differed significantly between the ethnic groups in most BMI categories (p < 
0.05), and was lowest in the Tongans and highest for the Chinese for both male and 
females (Table 7.9). There was less ethnic difference in total fat mass. In fact in 
females with a BMI of2: 25 kg/m2, fat mass was very similar in all ethnic groups. Fat 
mass displayed more difference in males, but was similar in Australians and the Chinese 
with a BMI 2: 25 kg/m2 (Table 7.9). 
Given the age difference in the three samples (BMI 20 - 25 kg/m2: Australian 
males significant younger; BMis 20- 30 kglm2: Chinese women significantly older) the 
effect of age was also investigated. Adjusting for the age differences did not alter 
significant differences between the ethnic groups. (Data not shown) 
Further confirmation of ethnic differences in body composition was obtained by 
comparing DXA measurementS, BIA raw resistance and reactance readings, and 
skinfold measurements across ethnic groups; and elbow breadths and arm muscle 
volume in Tongans and Australians. 
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TABLE 7.9: Differences in FFM, fat mass and o/ofat calculated from bioelectrical impedance among Tongan, Australian 
and Chinese women and men in different BMI categories 
BMI FFM(kg) Fat mass (kg) PercentfaJ 
group Tongans Australians Chinese Tongans Australians Chinese Tongans Australkzns Chinese 
Females 
<20 36.7 (1.0)" 29.4 (0.5)b 12.7 (0.5)" 16.8 (0.5)b 25.8 (0.7t 36.3 (0.7l 
(n) (18) (28) 
20-<25 44.9 (0.7)b<> 39.8 (0.4)80 31.9 (0.3)ob 19.8 (0.7)0 19.9 (0.3t 23.3 (0.5).., 30.4 (0.9)-o.. 33.2 (0.3)o 42.0 (0.6)ob 
(n) (30) (129) (79) 
25-<30 47.9 (0.4)-o.. 43.2 (0.5)80 33.9 (0.5).., 28.3 (0.6) 29.7 (0.5) 29.8 (0.7) 37.0 (0.4)b<> 40.6 (0.4)80 46.7 (0.5)"h 
(n) (67) (69) (29) 
30-<35 52.0 (0.4)-o.. 44.9 (1.3)"" 38.6 (l.S)ob 36.0 (0.5) 38.8 (1.3) 37.2 (1.9) 40.8 (0.4)be 46.3 (0.9)" 49.0(1.3)" 
(n) (92) (20) (5) 
~35 57.7 (0.6)b 49.4(0.6)" 49.4 (0.9) 51.9 (1.1) 45.9 (0.4)" 51.1 (0.5)" 
(n) (99) (23) 
Males 
<20 54.1 (1.0)" 43.9 (1.5)b 6.6 (O.St 12.1 (1.2)b 10.9(0.9t 21.6 (2.0)b 
(n) (4) (6) 
20-<25 60.8 01.6° 51.5 (0.7)c 45.1 (l.O)ob 12.9(0.7t 14.2(0.5t 19.2 (0.8)ob 17.7 (l.lt 19.8 (0.6)" 29.8 (1.1).., 
(n) (25) (96) (31) 
25-<30 67.9 (0.5)-o.. 63.5 (1.0)80 51.9 (1.7).., 18.2 (0.4)-o.. 21.8 (0.6)80 25.9 (UYb 21.1 (0.4)bo 25.6 (0.7).., 33.4 (1.2)ob 
(n) (98) (79) (15) 
30-<35 72.2 (0.6)-o.. 66.4 (1.5)"" 55.1 (0.6)ob 27.3 (0.5)" 31.2 (0.9)" 32.5 (3.2) 27.4 (0.3)b<> 32.0(0.8)" 36.9(2.2t 
(n) (78) (36) (3) 
~35 79.1 (1.6)b 63.5 (3.1t 37.4 (1.3) 44.1 (1.6) 31.9 (0.6)b 41.0 (0.7)" 
_(I1) (35) (5) 
---- --·---- ---
Footnotes: a) Results expressed as mean BMI (SE) in kgfm2 
b) t-tests or oneway analysis of variance (Bonferroni test) used to test differences between ethnic groups 
c) Statistical significance: (p < 0.05) from a Tongans, b Australians, o Chinese 
d) Significant differences did not change when adjusted for age 
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Ethnic differences in DX4 measurements of FFM 
While controlling for BMI, measurements of FFM (lean tissue mass + bone 
mineral oontent) and fat mass from DXA were oompared in the validation samples. 
FFM was consistently highest in the Tongans, and lowest in the Chinese females at all 
levels ofBMI < 35 kg/m2• Fat mass did not differ significantly between ethnic groups 
(Table 7.10, Table 7.11). 
TABLE 7.10: Differences in fat free and fat mass as measured by DXA in 
Tongan, Australian and Chinese female validation samples in different BMI 
categories 
BM/group 
Total 
Ethnic sample <JO 2()..<.25 25-<30 30-<.35 ?_35 
group (n) (n) (n) (n) (n) (n) 
Fat ftee mass (lean tissue + BMC) (kg) 
Tongan 54.1 (l.O)bc 48.6 (4.0)"" 50.5 (2.0)"" 56.6 (0.8) .... 55.1 (1.5) 
(28) (2) (S) (6) (15) 
Australian 42.2 (0.8)11C 37.5 (2.6t 39.8 (l.O)ac 43.3 (0.7)11C 46.2(0.8)"" 51.2 (2.0) 
(50) (4) (25) (11) (4) (6) 
Chinese 32.7 (0.8)"" 27.6 (1.6)11 31.8 (0.6)"" 34.4 (1. 7)"" 39.9 (2.0tb 
(29) (3) (16) (8) (2) 
Fat moss (kg) 
Tongan 39.5 (1.9)"" 24.4 (0.1) 28.6 (0.6) 37.8 (3.0) 45.9 (1.8) 
Australian 27.3 (1.7t 12.3 (1.1)" 20.3 (0.9) 30.3 (1.7) 40.3 (1.3) 51.9 (1.9) 
Chinese 26.2 (1.2t 18.3 (0.2)11 23.3 (0.8) 31.8 (1.8) 38.4 (5.0) 
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TABLE 7.11: Differences in fat free and fat mass as measured by DXA in 
Tongan, Australian and Chinese male validation samples in different BMI 
categories 
BMigroup 
Total 
Ethnic sample <20 20-<25 25·<30 3()..<35 ?::,35 
Fat free mass (lean tissue+ BMC) (kg) 
Tongan 1 74.2 (1.6)b" 62.2 67.1 (1.9)" 76.8 (2.3)b" 76.7 (2.4) 
(28) (1) (6) (13) (8) 
Australian I 61.5 (1.2)80 60.2(2.0t 60.9 (2.0t 64.1 (2.4)8 
(44) (16) (17) (11) 
Chinese I 47.4 (1.6)"" 43.9 (2.6) 46.4 (2.5)b 48.3 (3.2)"" 55.2 (O.St 
{18) (3) (9) (4) (2) 
Fat mass (kg) 
Tongan 29.0 (1.9)" 8.3 16.8 (1.9t 30.2 (1.6) 38.6 (1.8) 
Australian 20.2 (Llt 13.5 (1.2) 20.7 (1.0) 29.0(1.5) 
Chinese I 20.1 (1.7)• 13.2 (1.7) 17.2 (1.0) 24.0 (l.Ot 35.9 (1.3) 
Footnotes to Tables 7.10 and 7.11: a) Results expressed as mean (SE) in kg. 
b) t-tests or oneway analysis of variance (Bonferroni test) tested differences between ethnic groups 
c) Statistical significance: (p < 0.05) from • Tongans, b Australians," Chinese. 
Ethnic differences in indicators of bone and muscle mass 
Elbow width can also be used as an indicator of bone size, and midann muscle 
circumference indicates muscle size1• Elbow width and midarm muscle area (Chapter 
6, 6.3.2 for calculations) were signific3J1tly greater in Tongan than in Australian 
females with a BMI < 35 kg/m2, and at BMI 2:25 kg/m2 in males (Table 7.12). Elbow 
breadth and BMC were significantly correlated in Australians and Tongan men (p < 
0.05, controlling for age and BMI). The correlation between FFM and midarm muscle 
area was highly significant (p :;; 0. 001) except in Tongan women. This correlation 
remained significant, when controlling for age and BMI, only for Australians (p ~ 
0.05). 
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TABLE 7.13: Comparison of resistance and reactance readings for 
Cook Island Maori, Tongans, Australians and Chinese 
Ethnic group I Resistance (ohms) Reaclance (ohms) 
mean 1) mean 
Females 
Tongans (n = 289) 471.6 (62.5) 53.4 (9.34) 
Cook Island Maori (o = 80) 466.2 (68.0) 50.2 (11.6)** 
Australians (n = 259) 585.5 (71.0)*** 60.0 (9.1)*** 
Chinese (n = 143) 591.1 (73.1)** 61.6 (8.1)*** 
Males 
Tongans (n = 236) 397.3 (46.0) 50.3 (8.8) 
Cook Island Maori (n = 48) 384.2 (54.7)* 47.7 (11.1)* 
Australians (n = 220) 483.9 (55.7)*** 59.0 (7.3)*** 
Chinese (n = 55) 492.6 (64.5)*** 60.2 (7.6)*** 
Footnotes: a) Results expressed as mean (SE) in ohms. 
b) t-tests used to test differences between ethnic groups. 
Chapter 7 
c) Statistical significance: *p < 0.05; **p< 0.02~ ***p < 0.001 compared with Tongans. 
d). NB No significant differences between Australians and Chinese. 
Ethnic differences in subcutaneous fat distribution 
Skinfold measurements allowed consideration of similarities and differences in 
fat distribution between ethnic groups. Once controlled for BMI, differences in fat 
distn'bution were evident in females(Table 7.14). Tongan :fumales tended to have more 
biceps fat; and both Chinese and Tongans had higher triceps and subscapular skinfolds 
than Australians. While biceps and triceps measurements did not differ between ethnic 
groups in males (Table 7.15), subscapular fat was higher in Tongans and Chinese, 
while Australians and Tongans had higher suprailiac fat (Table 7.15). Ethnic 
differences disappeared at the highest BMis. 
155 
r 
I 
I 
i 
i 
; 
! 
I 
l 
I .. 
•' I I 
i 
l 
1,. 
Cha_eter 7 
TABLE 7.14: Differences in skinfold measurements between Tongan, Australian 
and Chinese females in different BMI categories 
BMlgroup 
Total 
Ethnic sample <20 20-<25 25-<30 30-<35 >35 
group (n) (n) (n) (n) (n) (n) 
Tongan 
Biceps(mm) 
19.6 (0. 7)bo 13.8 (2.1)bo 15.7 (1.0)0 19.3 (1.2) 24.2 (0.9) 
(107) (7) (33) (29) (38) 
Australian 12.1 (0.4Y'" 5.7 (0.4) 9.3 (0.3t 13.6 (0.5) 18.5 (1.1) 22.9 (1.4) 
(261) (18) (129) (10) (20) (23) 
Chinese 9.4 (0.3)oh 6.3 (0.2) 8.8 (0.3. 12.2(0.5t 13.2 (1.7) 
(143) (29) (84) _{}3) (5) 
Tongan 
Triceps) (mm) 
27.0 (0.8)bo 17.1 (2.1) 22.6 (1.1)b 26.4 (1.3) 33.0 (1.2) 
Australian 18.7 (0.4). 11.2 (0.4)" 16.7 (0.4)" 19.3 (0.5t" 24.5 (0.9) 29.3 (1.5) 
Chinese 19.7 (0.5t 13.8 co.sl 19.3 (0.5)b 24.7 (0.8)b 25.3 (2.9) 
Tongan 
Subscapular (mm) 
34.8 (1.3)bo 27.5 (6.8)b 32.2 (2.3)b 34.5 (2.9) 38.3 (1.8) 
(3) (16) (12) (19) 
· Australian 20.4(0.5) ... 11.1 (0.8)" 16.6(0.5) ... 22.3 (0.7)"" 29.5 (1.0) 35.0 (1.8) 
Chinese 22.5 (0.7)ab 13.8 (0.7)b 22.0 (0.6)b 29.1 (1.3t 29.6 (2.9) 
SupraiUac (mm) 
Tongan 34.1 (1.4)bD 24.3 (3.2) 28.8 (1.8)b 36.5 (2.3) 38.7 (2.3) 
Australian 21.0 (0.6)8 10.4 (1.0) 16.7 (0.6)0 23.8(0_7) ... 32.0 (1.8) 35.6 (1.1) 
Chinese 20.3 (0.6)8 12.8 (0.7) 19.3 (0.6)b 27.6 (1.1)b 26.7 (1.4) 
Sum of skin folds (mm) 
Tongan 115.3 (4.1)80 80.6 (18.l)b 103.3 (5.0) 115.4 (8.6) 130.9 (5.9) 
Australian 72.2 (1.7)8 38.3 (2.1)" 59.3 (1.4)80 79.0 (1.8) ... 104.4(3.5) 122.7 (3.9) 
Chinese 
--
J1.8(1.8t 46.7 (1.7l 69.2 (I.St n___23.6 (3.0f 94.7 (8.1) 
Footnotes: a) All values expressed as mean (SE) in mm. 
b) t-tests or oneway analysis of variance (Bonferroni test) tested differences between ethnic groups. 
c) Statistical significance: (p < 0.05) from • Tongans, b Australians," Chinese. 
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TABLE 7.15: Differences in skinfold measurements between Tongan, Australian 
and Chinese males in different BMI categories 
Ethnic I Total BM/group group 
sample <20 20-<J5 25-<30 3o-<35 ?:,35 
(n) (n) (n) (n) (n) (n) 
Biceps(mm) 
Tongan 1 8.4 co.4)bc 3.o 5.1 (0.4) 6.9 (0.4) 10.0 (0.8) 14.3 (1.9) 
(106) (1) (15) (45) (33) (12) 
Australian I 6.8 (0.2)• 3.7 (0.3) 5.4 (0.3) 7.02 (0.3) 9.1 (0.6) 15.9 (1.8) 
(220) (4) (96) (79) (36) (5) 
Chinese ,6.3 (0.3t 3.8 (0.2) 5.9 (0.3) 7.5 (0.4) 9.0 (0.3) 
i (55) (6) (32) (16) (3) 
I 
~ Triceps (mm) 1.-
I Tongan 13.5 (0.6)bo 4.5 8.1 (O.st 12.4 (0.9) 15.3 (1.0) 20.5 (2.1) 
! Australian 10.9 (0.3t 5.7 (0.4) 9.2(0.4) 11.2 (0.4) 13.9 (0.7) 22.5 (2.8) 
Chinese ll.0(0.4t 1.5 (0.7) 10.7 (0.5t 12.3 (0.6) 14.7 (1.9) 
Subscapullll' (mm) 
Tongan 1 25.2 (t.3)bc 7.5 : 12.9 (1.2) 24.1 (2.0)b 28.4 (1.8( 34.8 (2.8) 
(63) (10) (19) (24} (9) 
-Australian 118.1 (0.5)• 8.7 (1.1) 14.2 (0.5t 19.0 (0.5)"" 25.4 (0.7) 33.4 (4.5) 
Chinese 18.5 (0.8t 12_2 1.4) 16.5 (0.7t 23.6(1.st 25.7 (2.0) 
Suprailiac (nun) 
Tongan 29_9 (1.7)bc 4.5b 18.5 (4.3t 23.4 (1.6) 35.5 (2.1)" 44.4 (3.0) 
Australian 24.0 (0.6)"" 11.0 (1.0)80 18.3 (0.7t 26_0(0.8t 34.3 (1.2t 38.7 (2.8) 
Chinese 13.8 (0.8)-a. 7.29 (0.5)b 12.4 (0.8).1> 18.6 (1.5)b 15.9 (2.9).1> 
Tongan 111.4 (7.8) 
Australian 110.5 (9.2) 
Chinese 
Footnotes: a) All values expressed as mean (SE) in mm. 
b) t-tests or oneway analysis of variance (Bonferroni test) tested differences between ethnic groups. 
c) Statistical significance: (p < 0.05) from • Tongans, b Australians, o Chinese. 
c 
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FIGURE 7.3: FFM by BMI in Tongan, Australian and Chinese females, 
showing ethnic differences 
FFM 
.. -... -
+ 
. -~ ­
_ ... --
Ethnic group 
+ Chinetie 
• Australian 
J. o Tons-
10 20 30 40 SO 
BMI 
Footnotes: a) FFM determined by BIA for total sample for each ethnic group. 
b) Equations for the regression lines appear in Appendix 7.4. 
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c) Slopes and intercepts all statistically different between ethnic groups using t-tests (p < 0.001). 
FIGURE 7.4: FFM by BMI in Tongan, Australian and Chinese males, 
showing ethnic differences 
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Footnotes: a) FFM determined by BIA for total sample for each ethnic group. 
b) Equations for the regression lines appear in Appendix 7.4. 
c) Slopes and intercepts all statistically different between ethnic groups using t-tests (p < 0.001). 
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7.3.5 Comparison of body composition with healthy weight ranges 
Analyses of the body composition of the Tongans subjects has demonstrated 
consistently larger .FFM and lower %fat, while smaller FFM and higher %fat were 
found in Chinese at the same BMI in comparison with the Australians. The Australian 
sample, consisting largely of Caucasians, was similar to the reference population 
'e (American) in which the international healthy weight ranges were developed2• Graphic 
representations clearly illustrated ethnic differences in FFM values at the same BMI 
(Figure 7.3, Figure 7.4). Percent fat at BMis of 20, 25 and 30 kg/m2 differed in 
Tongans and Chinese from that of Australians (Table 7.16}. Assuming that %fat at a 
BMI of 25 kg/m2 represented the cut-off for overweight and that at 30 kg/m2 
characterised obesity in Australians, BMis were calculated at which the same %fat 
occurred in the other two ethnic groups.Feom.te 13 The same level of body fat (36.3%) 
found at 25 kg/m2 in Australian women, was found in Tongan women at 29.2 kg/m2 
and at 20.7 kg/m2 in the Chinese. An equivalent %fat was found at 30 kg/~ in 
Australians, 35.5 kg/nr in Tongans and 23.9 kglm2 in Chinese women. For men, 
Australians with a BMI of25 kg/m2 (about 20% body fat) corresponded to 28.9 kg/m2 
in Tongans and 21.4 kg/m2 in Chinese. Percent fats at BMis of 30 kg/m2 in 
Australians, 35.3 kg/m2 in Tongans and 25.2 kg/m2 in Chinese were equivalent (Table 
7.17). 
TABLE 7.16: Percent fat levels at specific BMis 
in Tongans, Australians and Chinese 
BMI 
~l",zl 
Tongans Australians Chinese 
Femoles 
20 25.1% 28.6% 34.~/o 
25 31.2% 36.3% 46.7% 
30 37.3% 44.0% 58.5% 
··---
Males 
20 7.6% 6.4% 15.1% 
25 15.9% 20.6% 34.0% 
30 24.1% 34.7% 52.~/o 
Footnote 13 A logarithmic conversion of %fat was considered, since the relationship between BMI 
and o/ofat has been reported to be nonlinear (Sectiou 6.4.1). The conversion was not used, as the 
conversion did not improve the relationship between the variables. (Appendix 7.4). 
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TABLE 7.17: BMis for Tongans and Chinese with 
equivalent percent fat levels to those of Australians 
at BMis of 20, 25 and 30 kg/m:z 
Femalu 
22.9 
29.2 
35.5 
Males 
22.3 
28.9 
35.3 
Australians BMI 
(kglm') 
20.0 
25.0 
30.0 
20.0 
25.0 
30.0 
ChineseBMI 
(kglm') 
17.3 
20.7 
23.9 
17.6 
21.4 
25.2 
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Alternatively, these data can be compared on the basis ofbody fatness levels of 
~5% in females and 25% in males, as an indicator of health risk (See Chapter 1, 
1.2.3). BMis at which these levels occur in the different populations were also 
calculated, and differences of 4 kg/m2 were found between ethnic groups. BMis of 
28.1 kg/m2 in Tongan, 24.7 kglm2 in Australian and 20.0 kg/m2 in Chinese women 
equated to a 35% fat level Twenty-five percent fat occurred at BMis of30.6 kg/m2 in 
Tongans, 27.0 kg/m2 in Australians and 22.6 kg/m2 in Chinese men (Table 7.18). 
TABLE 7.18: BMis for Tongans, Australians and Chinese equivalent 
to specific risk levels of body fat defmed in Caucasians 
Gender Risk level of BMI 
" body[at (kg:lm'~ 
Tongans Australian Chinese 
s 
Female 35% 28.1 24.7 20.0 
Male 25% 30.6 27.0 22.6 
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7.3.6 Comparison of body composition with body perception 
Figures presenting body perception and preference data (Figures 7.1 and 7.2) 
can be used to compare the agreement between body perception, the recommended 
heahhy weight standards, and body composition. 
Taking the current WHO definition3 (ie overweight ~25 kg/m2, obesity 2: 30 
kg/m2) Tongan women perceived a HF weight to be at the top of the healthy range 
(24.9 ± 0.3 kg/nr), while Tongan men's HM was well within the overweight range 
(28.7 ± 0.3 kg/m2) . HF and HM for Australian women and men was within the 
recommended range (21.9 ± 0.2 kg/m2 and 23.5 ± 0.2 kg/m2 respectively). Chinese' 
HF fell at the lower end of the range at 20.6 ± 0.3 kg/m2, and Chinese' HM was in the 
overweight range (27. 7 ± 0. 7 kg/m2) . 
But when HF and HM for the different ethnic groups were compared "With 
weight categories "adjusted" to equivalent BMis on the basis of %fat, the Tongan 
body preferences for both females and males fell below the at-risk level (Figure 7.5). 
AF was within the adjusted "healthy'' range, ahhough AM and own preferred sizes 
selected by Tongan men were just within the adjusted "overweight" range. This 
adjustment, however, placed the preferences of the Tongan WL women {HF = 23.3 
kg/m2; HM = 24 kg/m2) unrealistically low. 
The calculated upper limit of a "healthy'' weight range of around 20 - 21 kg/m2 
for Chinese females was more consistent with their HF preferences (Figure 7.6). On 
the other hand a limit to around 22 kg/m2 for Chinese males makes their preferences of 
around 27 kg/m2 impractically high (Figure 7.6). 
The Australian preferences appeared consistent with the current recommended 
l. upper limit of25 kg/m2, although the Australian women's preferred size were perhaps 
: too low, particularly for AF (20.5 kg/m2) (Figure 7.7). It is interesting to note that 25 
I 
l %fat equates to a BMI of nearly 27 kg/m2 in Australian males (Table 7.18). Some 
.. 
Australian males with a BMI between 25 kglm2 and 27 kg/m2 may still have a heahhy 
body composition. If the at-risk level (ie cut-off for overweight) was adjusted to a 
BMI of 27 kg/m2, Australian male preferences of around 24 kg/m2 would be placed 
I comfortably in the middle of the ''healthy'' weight range (Figure 7. 7). Of course the 
prevalence of male overweight and obesity would also be altered. 
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FIGURE 7.5: Tongan preferred sizes and adjusted healthy weight ranges 
FIGURE 7.6: Chinese preferred sizes and adjusted healthy weight ranges 
FIGURE 7.7: Australian preferred sizes and adjusted healthy weight ranges 
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Footnotes for figures 7.5, 7.6, 7.7: 
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1. F (female), M (male), AF (attractive female body size), HF (healthy female body size), AM 
(attractive male body size), HM (healthy male body size). 
2. Adjusted healthy weight range: weight range adjusted to equivalent levels of % body fat. 
• health weight 0 overweight tr.'1 obese 
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7.4 DISCUSSION 
The mean measured BMis of the three ethnic groups investigated differed 
significantly, making these samples well suited for comparison for similarities and 
differences in body perception and body composition. Subjects were also resident in 
their own cultural surroundings which avoided the effects of the acculturation process 
by a dominant culture inherent among those who have migrated. The majority of cross-
cultural studies of body perception have been conducted in subgroups wit:hin a single 
countty4-18• 
7.4.1 Ethnic differences in body composition 
This study provided consistent evidence that Tongans have higher FFM than 
Australians, who in tum had higher levels than the Chinese for both genders (Table 
7.7). Whichever way body composition was considered, ethnic differences remained. 
Evidence of differences in bone and lean tissue mass was provided from DXA 
measurements (Table 7.10, Table 7.11). Elbow breadth furnished further evidence of 
larger skeletal size (Table 7.12); and arm muscle mass of higher lean mass (Table 
7.12) in Tongans compared with Australians. The relatively constant relationship 
between bone mass and muscle mass is well known 1•19.20. Genetic factors account for 
approximately half of the total variance in bone mineral densit}?1 and no doubt 
contributed to the ethnic difference demonstrated here. 
BIA was a worthwhile method for comparing FFM between ethnic groups. 
Ethnic differences were corroborated by substantial differences in raw resistance and 
reactance measurements (Table 7.13}, indicating that the Polynesians were from a 
different population group to the Australians and Chinese. This finding further justified 
the development of ethnic specific regression equations. The small but significant 
difference between resistance (males only) and reactance values for the two Polynesian 
groups (Tongans and Cook Island Maori) may have resulted from the differing 
methodology (the Maori were not fasted) or additional ethnic differences yet to be 
determined. Further comparison of these same BIA data have been made by 
constructing 95% confidence ellipses22.23 around the bivariate distributions of 
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resistance and reactance corrected for height for each population. Even when matched 
for BMI, the Tongan ellipses were quite separate from those of the Australians and 
Chinese, confirming the difference in FFM between these populations24 (Appendix 
7.5). In this comparison the Chinese 95% confidence ellipses were large, reflecting the 
smaller sample size. It is possible that a clearer ethnic difference may be demonstrated 
• .if more Chinese subjects were included. 
.,; 
Sum of skinfolds gave significantly different results for %fat from DXA and 
BIA (Tables 7.9). The o/ofat was similar for all three methods only in Australian males; 
this group most resembled the Caucasian Scottish population in which the Durnin and 
Wormersle~ equations were originally derived. It should be noted that these skinfold 
results need to be used with some caution as reliability testing was not carried out 
between the person measuring the Tongans and Australians (PC), and the researcher 
taking the measurements in the .Chinese (SC). AJso, to be valid measures of %fat the 
development of ethnic-specific skinfold equations may be required26•27• In summary, the 
lower validity together with lower reliability of skinfold compared with BIA 
measurements, particularly in Tongans, supports BIA as the preferred field method. 
Nevertheless, skinfold results were indicative of ethnic differences in fat 
distn'bution (Tables 7.14, 7.15), particularly since actual fat mass, corrected for body 
size, was quite similar in each ethnic group (Table 7.7). Chinese and Tongan females 
had more upper arm (triceps) and upper body fat (subscapular) than Australian 
women. No measure oflower body fat (eg thigh skinfolds) was taken to confirm these 
differences; given that total fat was similar across ethnic groups, an ethnic difference in 
lower body fat in the reverse order would be expected. While arm fat did not differ 
among males, Chinese and Tongans were fatter in their upper body (subscapular) than 
Australians, and Australians had more fat at the iliac crest than Chinese. These results 
were very similar to those reported from ethnic comparisons in the USA Mexican 
American women had higher triceps, and both women and men had higher subscapular 
skinfolds than Caucasian Americans28• Arm and trunk fat thickness were higher in 
American Asians than Caucasian Americans after adjusting for the same level of %fat, 
although Caucasian females had more lower body faf9• 
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7.4.2 Ethnic differences in body perception 
Female preferred sizes differed Significantly in the same direction as measured 
BMI, and thus reflected differences in actual body size (Figure 7.1 ). Although 
measured body size (as BMI) decreased from Tongan to Australian to Chinese males, 
preferred sizes did not follow the same pattern; Chinese men's preferences were 
located between those of Tongans and Australians (Figure 7.2). 
Three observations can be made regarding the cross-cuhural comparison of 
body perception and preferences. Firstly, there was evidence of an influence on body 
size preference of increasing westernisation. Secondly, some conclusions could be 
drawn from these results as to the social norms of body size preferences within each 
cultural group. Thirdly, perceptual accuracy appeared to relate to the agreement 
between actual body size and community preferences. These are discussed below. 
Effect of westernisation on body size preferences 
Tongan women•s preferred sizes for self: HF and AF (about 25 kg/m2) were 
significantly different from those chosen by Australians (21 .. 22 kg/m2) and Chinese 
(19-20 kglm2). Tongan and Chinese (but not Australians) preferred female sizes 
increased with age. If these age differences are seen to equate with time, changes in 
preference demonstrate a growing acceptance of smaller body sizes among the younger 
Tongans and Chinese. HF and AF chosen by Tongan WL women (23 kglm2) were 
similar to those chosen by Australians and Cook Island Maori aged under 50 years of 
age; Tongans over 40 chose similar sizes to those of the older Maori group (ie ~ 50 
_ years) (Table 4.4, Table 7.5). The gradual decrease in preferred sizes among the 
: younger Tongan women suggest growing influence of western preferences for slimmer 
L. 
body size for women, the Cook Islands being more westemised than Tonga. 
Studies of the migration effect in Samoans, and the preferences of men and WL 
I participants support the inference that westemisation influences body perception. 
I Larger attractive body sizes for women were still more acceptable in Western 
l Samoa30.31 compared to those chosen by Samoan women in Auckland; there were no 
. 
age differences in preferences in either group31• Younger Tongan and Chinese men in 
this study also preferred smaller HF and AF. Both chose AF and HF which bore more 
•• 
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similarity to those chosen by women in the decade older than themselves, whereas 
Australians chose very similar AF and HF to those chosen by their contemporaries 
(Table 7.5). The preference for smaller body size by the Tongan WL women may be 
an effect of participating in the program, or may resuh from those with such 
preferences being more likely to participate in WL activities. Assuming that the 
preference for diminishing body size was driven by increasing westemisation, evidence 
was stronger for the second option; participants in the WL were younger (but not 
lighter) than those from the wider cotmmmity (p = 0.02). 
The preferred size men chose for themselves was more consistent within each 
ethnic group (ie less affected by age, measured body size, or for Tongans participation 
in the WL) than women's. This could reflect less pressure on men to be slim compared 
with women, a similar phenomenon to that which occurs in western countries. Tongan 
men' s preferences and expectations were realistic in relation to their current body size. 
However, those of the Chinese men were not, and despite being only slightly larger 
than Chinese women they preferred substantially larger body sizes. Notwithstanding 
less pressure in the past, a firmer concept of the western ideal male body size is 
developing32; there is an expectation for males to be larger and more muscular than 
their women32.33• A quick perusal of advertisements from the mid-twentieth century 
demonstrate . quite different male body forms to those which currently adorn billboards 
and grace magazines in Australian cities. Such muscular examples can be expected to 
have the greatest impact on men with small bone mass and muscular development who 
conform least to this ideal Thus it seems reasonable to conjecture that a similar 
dilemma could exist for these Chinese men as does for women with an expectation of a 
small desirable body size which does not match their actual body size. Some 
substantiation for this proposal is provided by the fact that male students in Hong 
Kong wanted to be taller, weigh more, and have stronger upper body while females 
wanted to weigh less33.34 ; these resuhs were intexpreted as a mimicking of western 
ideals, and an increase in body dissatisfaction and eating disorders was predicted in 
Hong Kong33.34. Since size is dictated largely by skeletal and muscle mass, increased 
body size in those with small bone and muscle mass in the absence of a concentrated 
program ofweight training (or the use of steroids) is most likely to be fat. 
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Social norms and body size preferences 
The relative consistency of healthy, attractive and preferred sizes chosen by 
Australians in this and the study reported in Chapter l suggested that acceptable body 
sizes of around 24 kg/m2 for males and 21-22 kg/m2 for females were the culturally 
preferred body sizes in the Australian community. In contrast, the preferred sizes of 
Tongans and Chinese were changing with time, particularly AF, HF and AM. 
HF and AF were similar to each other for Tongan women, but AF tended to be 
slightly smaller than HF for Australian and Chinese women. Western pressure to be 
slim for cosmetic rather than health reasons could have dictated these preferred 
slimmer sizes for Australian women. This may also be the case for Chinese women33.34, 
even though smaller desired sizes would not seem to be an unreasonable expectation in 
terms of their inherent body size and composition. Even those classified as 
underweight wanted to weigh less among young female students in Hong Kong34; and 
- the occurrence of eating disorders is increasing35• An illustration of the lack of realism 
at the other end of the scale is provided by young Canadian girls who wanted to be 
slimmer than their frame size, measured by biacromial (shoulder) width, permitted36• In 
relation to Tonga, whether small preferences result in the long run in smaller actual 
body sizes or merely in growing dissatisfaction with body size, which is to a large 
extent genetically determined37-4°, is a major issue for the future. 
HM were comparatively consistent within each cultural group. It is possible 
that "healthy male size" is regarded as a western concept which conformed less to real 
cultural preferences, was less internalised, and was thus in turn less likely to influence 
cultural nonns. It may also be that health messages promoting a smaller body size have 
reached women to a greater extent than men in these non-western countries. This lack 
of congruence between preferred and healthy sizes within an ethnic group may prove 
to be important. A widely accepted cultural norm of acceptable body size within each 
ethnic group may be critical in terms of acceptance of a need to change rather than 
what may be regarded as a generally western concept of a ''healthy'' body size. On the 
other hand, a cuhurafiy condoned "attractive size" which is unrealistic in relation to 
actual size may just increase dissatisfaction as has occurred among western women. 
Body size preferences for males-were larger than for females in all ethnic 
groups, even among the Tongans where women were, on average, larger than their 
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men. It has to be concluded that such preferences are the direct result of cuhural 
pressures, regardless of actual body sizes. It seems that in most cultures men are 
expected to have greater body size than women, unless overruled by expectations of 
largeness among those of superior rank (Chapter 1, 1.1.6). 
Accuracy in body size perception in relation to community preferences 
Overall, no ethnic or gender group perceived their own body size accurately, 
although several subgroups (older and larger Tongan women, smaller Tongan and 
Australian men, and the smallest Australian and Chinese women) were accurate (Table 
7.2). Perceptual accuracy appeared to relate to cultural acceptability of body size. 
Accurate perceivers could be regarded as those in which community expectations and 
actual body sizes coincided. The younger, and generally lighter, men were those whose 
average sizes could be considered within the range considered preferable in their 
cultural group (ie 28 kg/m2 for Tongans, 25 kg/m2 for Australians). The western slim 
ideal woman and her concomitant body dissatisfaction could explain body size 
overestimation by the majority of Australian and Chinese women (whether they could 
be classified as overweight or not) with on]y those whose BMI was <20 kg/m2 being 
accurate. Although it was possible that the greater accuracy of older, heavier Tongan 
women was due to the more limited choice at the extremity of the photographic series, 
it was more likely that these older women have retained a more realistic or cultural 
preference for large body sizes. The remarkable accuracy with which Cook Island 
women (Chapter 4) perceived themselves while only the younger ones preferred 
smaller body sizes, adds credence to this interpretation. 
, Participation in the WL was not associated with altered self perception among 
Tongan women. Assuming that the age effect on preferences was evidence of growing 
Western influence, it seems that the process of change in female preferences and 
perceptions occurs firstly by a diminution in community preferences, and later by 
changing perceptions. In contrast, Australian and Chinese women wanted to be thinner 
and all but the slimmest overestimated, in a cultural climate where the thinner body is 
considered better. 
On the other hand, given the very small number of Chinese men who predicted 
their body size accurately, it can be concluded that Chinese males in this sample 
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overestimated. Perhaps male preference for larger body sizes has the opposite effect to 
the preference for small sizes among woinen; a case of wishful thinking clouding 
perceptions? It is important to note that although the male sample was a small and 
somewhat biased one (with larger than the mean size for Chinese in Singapore, Table 
6.7b ), the larger female Chinese sample had very similar preferences for HM and AM 
(Figure 7.2), suggesting this to be the culturally preferred male body size in Singapore. 
Perhaps the preference for slimmer sizes by younger Tongan men was realistic, 
given weight gain with age. Alternatively, it may be due to a gradual change in 
comtrnmity perception. The fact that Samoan men in Auckland chose larger ideal sizes 
r than those resident in Samoa, reflecting their actual body sizes31, suggests the former. 
This could explain the opposing responses by Tongan and Chinese men; Tongans 
reflect expectations while the Chinese do not. 
It should be noted thai the current study, being cross-sectional, can only 
-suggest possible explanations. These proposed explanations can only be confirmed by 
considering whether perceptions and preferences actually change with time in the same 
populations. 
7.4.3 Which body size to be? 
The WHO has recommended the adoption of the Caucasian-derived standard 
for a healthy weight range of 18.5 -<25 kglm2 for international use, with a BMI of30 
kg/m2 to indicate obesity41• However the consistent differences in FFM between the 
samples studied (differences in the order of 4 kg/m2 higher for Tongans and 4 kg/m2 
lower for the Chinese, compared to the Australians when compared on levels of BMI) 
suggests that this may not be appropriate. A greater FFM can make a substantial 
contribution to body weight (Table 7.9), and significantly affect o/ofilt in the large 
J;>oned, muscular person. Contrarily small bone and muscle mass allows greater %fat in 
a person of equivalent body size. The implications of these differences in FFM for 
recommended healthy weights for ethnic groups which differ in body composition are 
profound. 
"At risk" BMis of around 29- 30 kglm2 in Tongans equating to levels of35% 
fat in women and 25% fat in men suggest a rethinldng of the use of BMI healthy 
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weight ranges developed in Caucasians to the Tongan population, and probably to 
other Polynesian groups. Others have also concluded that the healthy weight ranges, 
based on percent body fat, should be raised for Polynesians. The body composition of 
young Polynesian and European women in New Zealand was determined from TBW 
by 180 dilution27• It was found that, at a fixed %fat, BMI was about 4 kg/m2 higher in 
: c the Polynesians compared 'With the Europeans. Maclean noted that the overweight 
range for Caucasians may be part of the healthy weight range in Tongans42; ie an 
increase in BMI of 5 kg/m2• The results in this study are in agreement with these other 
recommendations and suggest ~ 29 kg/m2 denote overweight and ~ 35 kg/m2 indicate 
"' 
~ 
obesity in Tongan females and males (Table 7.18). 
Moreover, BMis of approximately 20 kg/m2 and 22.6 kg/m2 respectively for 
women and men (for 35% and 25% fat) would indicate that a cut-off of25 kg/m2 may 
be inappropriately high for the Chinese population. It has been recommended that a 
_range of 18.5 - 23 kg/m2 be a more appropriate in Asians43. A similar range, with a 
BMI of 25 kg/m2 indicating obesity, is currently under consideration for the Asian 
population of the Western Pacific Region of WHO (1. Caterson, personal 
communication). The results here suggest somewhat lower overweight BMI for 
Chinese females than that for male subjects. This may indicate a real gender difference, 
or the results may have been confounded by the rather limited size range of female 
subjects investigated. Whether this difference is real (as occurred in the more 
representative Australian sample) or an aberration, will need to be confirmed with a 
sample more characteristic of the Chinese population. Separate overweight and obese 
ranges for the sexes were presented in Figure 7 .6, although logic suggests that an 
upper limit of 20 kg/m2 may be too restrictive. If the male ranges as presented in the 
figure were applied to both sexes, female preferences fell 'Within the ''healthy'' range. 
Current data suggest that a healthy range of approximately 17.5 - 22.5 kg/m2 would be 
a suitable starting point for Chinese, with BMI ~ 25 kg/m2 denoting obesity. 
Those males who perceive themselves accurately (Tongans with BMI < 30 
kg/m2; Australians with BMI < 25 kg/m2, lighter Chinese women) were not only those 
whose actual and culturally preferred body sizes coincided, but also those whose BMis 
fell within the "adjusted" acceptable ranges, thus exhibiting perceptions compata.ole 
with recommended body &t levels. 
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Western pressure for the ever smaller female body may also be evidence of the 
''Caucasianizati.on" of cultural expectations of body size. Hence the low preferred 
BMis of around 23 kglne for women and 24 - 25 kglm2 for men selected by Tongan 
WL women. While these conform with current international standards, they appear to 
be verging on unrealistic for the Tongan physique, and there may be a need for caution 
with messages which seem to promote or condone smaller female body sizes as the 
ideal. E~ unrealistic is the expectation that all men, including Chinese, should 
resemble Caucasian Olympic athletes. 
It should be noted that suggestions that healthy weight ranges should be altered 
according to %&t content need to be treated with some caution. Comparison has been 
made purely on the basis of body composition. The next important step is the 
investigation of body composition in wider Tongan and Chinese samples in conjunction 
with health outcome measures, such as indicators of hypertension, cardiovascular 
-disease, and type 2 diabetes. This will enable conclusions to be drawn about critical 
%fat in relation to health status. However, it does appears that evidence for the 
necessity for ethnic specific healthy weight ranges is mounting. 
7.5 CONCLUSION 
Evidence has been presented for ethnic differences in body composition 
between samples of the Tongan, Australian and Chinese populations. Differences 
between Tongans and Australians are declared with confidence; those between the 
Chinese and Australians are stated with less conviction due to the less representative 
Chinese sample ftom Singapore. Nevertheless, data from elsewhere presented in this 
chapter and in Chapter 1 do support the likelihood of a three-way ethnic difference in 
body composition. While differences in body perception also exist, a gradual 
westemisation of the body sizes perceived as attractive disadvantages those whose 
body size and composition do not conform with western ideals. The 
"Caucasianization" of recommended healthy and acceptable weight ranges (designated 
as 'normal" by the WHOt1 is, quite ftankly, unrealistic and unreasonable. There is 
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growing indication, some of which has been presented in this thesis, that pressure to 
conform to these standards has a detrimental effect on how some ethnic groups 
perceive themselves and their perceived variance between these perceptions and their 
preferences. Application of ethnically appropriate weight ranges, based on equivalent 
%fat to Caucasians or at risk levels of %fat, has confirmed that in most cases the 
perceptions of preferred body sizes are reasonably concordant with "adjusted weight 
ranges". The advancing diminution of female body size preferences with increasing 
westemisation among young Tongan women and unrealistic expectations of 
muscularity by Chinese men need to be addressed with the promotion of ethnically 
appropriate body sizes. Confirmation of more suitable healthy weight 
recommendations .from health outcome studies in the populations under study will be 
necessary. 
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IMPLICATIONS OF STUDY FINDINGS FOR 
AN AUSTRALIAN MULTIETHNIC 
POPULATION 
8.1 SUMMARY OF FINDINGS 
While there are growing indications that body composition differs between 
ethnic groups, and that there are contrasting perceptions of healthy body size, these 
two aspects have not previously been considered together in the same ethnic group. 
Neither has a comparison been made between ethnic groups residing in their own 
cultural surroundings. 
This thesis has highlighted differences between groups of people and the 
inappropriateness of applying one standard to all without regard for these differences. 
Further, it has considered the anomaly of applying a Caucasian-derived standard to all. 
8.1.1 Body perception and culturally acceptable body size 
A body perception instrument (BPI) for use cross culturally was developed and tested. 
Samples from several populations were investigated. Tongans and Cook Island Maori 
had large bone and muscle size and a traditional preference for large body size; 
Australians were of mixed body size where western norms of acceptable body size 
predominated; and ethnic Chinese from Singapore were small boned with a traditional 
preference was for small body size, at least in women. 
The BPI gave consistent results when used in several groups of Australians, 
suggesting body sizes of around 21 - 22 kglm2 for females and 24 kg/m2 for males to 
,  
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be culturally preferred in Australia. Larger male sizes were preferred in the Polynesian 
samples (27 kglm2 in the Cook Islands and 29 kg/m2 in Tonga), with the preferred 
female size of about 25 kglm2• Preferences in a Chinese sample from Singapore (20 
kglm2 for females and 26 kglm2 for males) implied cultural norms for slim women and 
muscular men: although in accordance with other findings, these results warrant 
confirmation in a larger sample. 
In sum, these results showed cultural differences in preferences for male body 
size, and accurate perceptions by those whose body size were in agreement with sizes 
preferred by that cultural group. There were less inter-ethnic difference among 
females, particularly the younger ones. The smaller female sizes preferred by younger 
non-Caucasi.ans suggested a growing influence of western preferences for smaller body 
sizes in women. Differences which did occur reflected differences in body sizes; 
Polynesians preferring larger, Chinese preferring smaller, and Australians intermediate 
.sizes. 
8.1.2 Body composition and acceptable body size 
BIA was selected as the most appropriate field method with which to compare 
body composition of the three ethnic groups. At equivalent BMis each ethnic group 
had significantly different FFM and %fat, although a similarity in actual fat 
measurements between groups was noted. Different BMI ranges for each ethnic group 
were suggested on the basis of equivalent o/ofat. 
These results have raised questions about the wisdom and ethics of the 
''Caucasianization" of both recommendations for medically-defined heahhy body size 
and perceived healthy body size. While it would it seem unreasonable to recommend 
that the healthy weight range for Australians should be between 22.5 kglm2 and 29 
kg/m2 (although this range may be more appropriate for Tongans) or between 17.5 
kglm2 and 21 kg/~ (as indicated for the Chinese), it is equally irrational to suggest 
that Tongans should aim to maintain a BMI below 25 kglm2, or that Chinese with a 
BMI below 20 kg/m2 are necessarily underweight. Although it could be argued that the 
WHO recommendations include a healthy weight range from 18.5 kglm2 to 25 kg/m2, a 
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person of Chinese extraction in Australia would more likely be compared with the 
recommendations for the Australian populatio~ namely an acceptable range from 20 
kg/m2 to 25 kg/~. 
8.1.3 Prevalence of overweight and obesity in the three ethnic groups 
Application of the adjusted healthy weight ranges as defined in the preceding 
chapter to the populations under study would alter the prevalence of overweight and 
obesity, as illustrated in Tables 8.1 and 8.2. In these tables, the specific ranges for all 
three ethnic groups have been applied to each other group to illustrate the effect on 
prevalence of altering healthy weight ranges. When the ethnic specific ranges for each 
group are applied (derived from %fat equivalent to that in Australians (Table 7.17)), 
the prevalence of overweight would be in the order of 40% for all groups with the 
exception of Australian females (with a lower prevalence). The level of obesity would 
be highest in the Chinese, followed by Tongans and then Australians for the females; 
and also highest in Chinese males, with similar rates in Australian and Tongan men 
using ethnicallY appropriate criteria. This is a very different picture of the prevalence of 
obesity among Polynesians and Asians from the one presented in Table 1.2 (Chapter 
1). 
TABLE 8.1: Prevalence of overweight and obesity in females 
using healthy weight ranges adjusted to percent fat equivalents 
Prevalence of overweight and obesity 
Ethnic Classification Tongan Australian Chinese 
group range range range 
(%) r"J (%) 
Tongans overweight (29.2-<35.5) 41 23 s 
obese ~35.5) 29 66 93 
Australians overweight (25-<30) 11 27 33 
obese~30) 8 17 54 
Chinese overweight (20.7-<23.9) 6 22 39 
obese ~23.9) 1 5 36 
Footnotes: a) Percentages rounded to nearest whole figure 
b) Bold figures represent prevalence using classifications specific to the ethnic group 
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TABLE 8.2: Prevalence of overweight and obesity in males 
using healthy weight ranges adjusted to percent fat equivalents 
Prevalence of overweight and obesity 
Ethnic Classification Tongan Australian Chinese 
group range range range 
('h) (%) ('~) 
Tongans overweight (28.9-<35.3) 43 41 10 
obese e35.3) 13 48 89 
Australians overweight (25-<30) 21 36 41 
obese ~30) 2 19 53 
Chinese overweight (21.4-<25.2) 9 28 46 
obese ~25.2) 0 5 33 
Footnotes: a) Percentages rounded to nearest whole figure 
b) Bold figures represent prevalence using classifications specific to the ethnic group 
Similarly, if prevalence was based on a definition of at risk %fat levels (as 
defined from the Framingham data from Table 7.18; ie 35% in females, 25% in males), 
the groups at greatest risk remain Tongan and Chinese women and Chinese men. 
Similar proportions of Tongan men and Australian were in the at risk category, (Table 
8.3). 
It should be noted that extending the healthy weight range up to 27 kg/m2 for 
Australian males would reduce the combined prevalence of overweight and obesity 
ftom 55% to 37% in this sample, and below that for Australian females, thus reversing 
the current relative prevalence levels. Similarly, if gender and ethnic specific equations 
were applied to Tongans, prevalence would also drop (to 76% and 43% for females 
and males respectively). Conversely, prevalence would rise substantially in the Chinese. 
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TABLE 8.3: Prevalence of overweight and obesity using at risk 
levels of percent body fat in Tongans, Australian and Chinese 
females and males 
BMI Prevalence BMI Prevalence 
Ethnic Classified u Fenuzlu Classified as Males 
group >35%/aJ f") >25%/at ~) 
Ton~ >28.1 kg/m2 76 (>30.6 kglm2) 43 
Australians >24. 7 .kglm2 46 >27.0kglm2 37 
Chinese >20.0!!&m2 80 I >22.6 kglm2 63 
Footnote: Percentages rounded to nearest whole figure 
Chapter 8 
8.2 IMPLICATIONS FOR A MULTIETBNIC AUSTRALIAN 
POPULATION 
8.2.1 Modified healthy weight ranges 
It is proposed that different healthy weight ranges be recommended for those 
with different FFM in the Australian population. In the absence of additional data, it 
could be assumed that the findings for the Tongans could be generalised to other 
Polynesians, and that those for the Singaporean Chinese could be extended to include 
other groups of Chinese origin and possibly other Southeast Asians. A simple 
modification of the recommended ranges could raise or lower the bands of acceptable 
weight, overweight and obese weight (Table 8.4). A series of 'modified" healthy 
weight range charts relevant to the ethnic groups studied are produced in Figures 8.1 -
8.3. For the sake of simplicity, the genders have been combined, although male 
variations for the Australians and Chinese are indicated as dotted lines. Thus for a 165 
em wo~ the recommended weight ranges would be 61 - 79 kg, 54 - 68 kg or 48 -
54 kg respectively for Polynesian, Australian and Chinese. For a 175 em man, the 
recommended ranges would be 69 - 89 kg, 61 - 83 kg or 54 - 69 kg. 
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FIGURE 8.1: Weight for height chart (Polynesians) 
140 bmi=35kglm2 
120 bmi = 29 kglm 2 
100 obese 
bmi = 22.5kgfm2 
80 
60 
40 underweight 
20 
140 ISO 160 170 180 190 200 
Heigbt(cm) 
FIGURE 8.2: Weight for height chart (Australians) 
140 
120 
100 
80 
60 
40 
20 
140 
obese 
underweight 
bmi = 30 kgfm2 
bmi = 27 kglm 2 (M) 
bmi = 25 kglm 2 
bmi = 20 kg/m2 
150 160 170 180 190 200 
Height(cm) 
FIGURE 8.3: Weight for height chart (Chinese) 
140 
120 
100 obese 
80 
60 
40 underweight 
20 
140 150 160 170 180 190 200 
Height(cm) 
Footnotes for Figures 8.1,8.2,8.3: 
a) Bands show undenwight.,healthy \Wight, ovenwight and obese ranges. 
b) Dotted lines indicate different ranges forM (males). 
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TABLE 8.4: Proposed weight ranges for those with 
different body composition in Australia 
Ranges 
Underweight 
Healthy weight 
Overweight 
Obese 
LargeFFM 
(kglnl) 
<22.5 
22.5- <29 
29- < 35 
>35 
Average FFM 
(kglnl) 
<20 
20- < 25 (27) 
25 (27)- < 30 
>30 
Footnote: Figures given in brackets are for males. 
8.1.2 Which body size? 
SIIUl/IFFM 
(kglnl) 
< 17.5 
11.5- < 21 (22.5) 
21 (22.5) - < 25 
>25 
Cha_eter 8 
In Chapter 1, the limitations of BMI as a simple indicator of body fat were 
discussed. However, BMI remains a preferred simple measure of body size, provided 
adjustment is made to suit different populations. The question raised in Chapter 1 was 
''Which body size?" In response, it is suggested that different ranges of body size 
should be considered for different groups which take account of body composition 
differences. 
But this is only a beginning. The studies reported in this thesis considered 
ethnic differences purely in terms ofbody composition, and not in relation to the health 
consequences of that body composition. The next stage is to confirm or refute these 
recommendations based on their relationship to health status. It is possJb.le that 
different levels ofo/ofat equate to different levels of risk in different populations. It may 
be the level ofbody fat per se (ie fat mass) that defines~ rather than %fat. 
It may also be that different body circumferences should also be recommended 
for each different body type. However, it is not appropriate to propose new levels at 
this stage. Different recommended dimensions are best considered in relation to their 
' l ability to predict health outcomes. Possible predictors to consider are WHR, waist 
j circumference, waist corrected for height. The initial proposed WHR. risk levels were 
I developed as predictors of cardiovascular death in prospective cohort studies in 
I I Swedes1'2• More recently, waist circumference action levels have been recommended 
based on their power to predict cardiovascular risk factors in a random cross-sectional 
Dutch sample3• The ratio of waist circumference to height has been proposed as the 
best simple anthropometric predictor of intra-abdominal fat in men and women 4, which 
takes into account ethnic differences in height. Waist height ratio was confirmed as a 
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better predictor of all cause mortality in British subjects than BMI, waist or WHR.s. 
Ethnic specific risk levels of 0.8 in females and 1.0 in males for WHR, and waist 
circumferences of70 em (females) and 90 em (males) are currently being considered in 
the Japanese (S Inoue, personal comnnmication; August, 1999). 
8.2.3 Proposed further studies 
While prospective studies are the preferred method for establishing at risk 
levels of BMI, %fat or fat distribution, cross-sectional data from the populations in 
question may be preferable to the blanket application of CaucasianR derived data to 
populations whose circumstances may be different. In this way, some account is taken 
of both the genetic and environmental factors likely to influence health status. A cross-
sectional study in Tonga in currently underway to determine the best anthropometric 
predictors of type 2 diabetes and cardiovascular disease. This will provide an 
opportunity to assess at risk levels of both body composition and other anthropometric 
indicators. 
In conclusion, it is hoped that the studies reported here will raise questions 
about the current ''Caucasianization" of physiological and cultural definitions of body 
size and obesity, and contnoute towards consideration of more appropriate definitions 
of recommended body size. 
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APPENDIXl: 
BMI, MORTALITY AND MORBIDITY 
TABLE Al.l: BMI and mortality 
Authors Population Subjects & design Findings 
(N, age) 
Lew & Garfinkel, USA(Cancer 750,000 tweight, tmortality (CHD, cancer, 
1979 Society) diabetes, GIT. stroke) 
Effect diminishes with age 
Jarrett et al, 1982 UK M40-69y BMI related to all cause mortality ( 40-49y) 
(Whitehall) Effect diminishes with age 
Hoffmans et al, Netherlands 78,612M BMI related to t mortality 
1988 32 yrs followup 
Lindsted et al, USA(7thday 8828 M~ 38-60y Lowest BMI, lowest mortality risk 
1991 Adventists 12y followup 
Must et al, 1992 USA 508~ 13-18y Overweight adolescents, tmortality 
(Harvard) 
Manson et ai. USA (Nurses 115886 F~ 30-55y tweight, tall cause mortality 
1995 Study) 16 yrs followup 
Troiano et al, 19 studies 30y followup tBMI, t mortality in M (U-shaped cwve) 
1995 (prospective) 1 Oy followup BMI & mortality - little relationship in F 
Seidell et al, 1996 Netherlands 48247~ 30-54y Obese M. tall cause mortality (!1Q! in F) 
12 yrs followup 
Bender et al, 1998 Germany 619 obese Gross obesity, t excess mortality 
14 yrs followup 
Stevens et al, USA(Cancer 62116M, 262019 F tBMI, tall cause mortality 
1998 Society) 12 yrs followup Effect diminishes with age 
Burke et al, 1998 Australia 3500 tBMI, tmortality in M (U-shaped curve) 
(Busselton) 12 yrs followup tBMI, not tmortality in F 
Calle et al, 1999 USA(Cancer 457785M, tBMI, tall cause mortality 
Society) 588369F 
14 yrs followup 
Beaglehole et al, Cook Islands: 1980~20y+ tmortality with fwesternisation 
1980 urban. rural, 8 yrs followup tBMI, tmortality in Maori 
NZMaori fBMI, .J.death in urban M, rural F 
Crews& American Death rates Higher diabetes mortality than USA 
MacKeen, 1982 Samoa 1962-1974 
Baker & Crews, American Death rates tBMI in those dying from diabetes (M) 
1986 Samoa 6 yrs followup t obese, .J.risk of death from neoplasms (M) 
Body weight nQt higl!er in decadents 
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TABLE A1.1 tontinued 
Authors Population 
Crevvs. 1989 American 
Samoa 
Ho et al. 1994 Hong Kong 
Guo et al. 1994 China 
Wooeta1.1998 Hong Kong 
Subjects & design 
(N, age) 
5866 
6yfollowup 
1056. 7(}y+ 
2yfollowup 
65 rural counties 
999M, 1033F; 
SOy+. 
18 mths followuE 
Appendix 1 
Fmdings 
t vreight not related to all cause mortality 
tvreight not independent predictor 
t obesity assoc with t mortality 
(vreight loss also assoc with tmortality) 
tBMI. t cervical cancer mortality 
tBMI. -l.au cause mortality 
%fat (biceps. triceps SF). WHR: not related 
Footnotes: NZ (New Zealand); M (male); F (female); y (years); CHD (coronary heart disease); GIT 
~ointestinal)~ o/ofat (percent fat); SF (skinfolds). 
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TABLE A1.2: BMI and cardiovascular mortality and morbidity 
Authors Populaiion Subjeds& FmtHngs 
design (N, age) 
MORTALITY 
Lew& USA(Cancer 750,000 tweigh~ tmortality (incl CHD, stroke) 
Garfinkel, 1979 Society) Effect diminishes vvith age 
Hubert et al, USA . 5209; 28-62y Ovenwight, tcHD, tCHD mortality 
1983 (Framingham) 26 yrs followup 
Larsson et al, Sweden 792 M; 54y BMI not correl with CVD mOtbidity or death 
1984 13 yrs followup tWHR, tcvo 
Lapidus et al, Sweden 1462 F; 38-60y tBMI predicted MI 
1984 12 yrs followup WHR stronger predictor ofBMI 
Waaler. 1984 NoJWay 1,700,000 tobesity, tcvo (U shaped curves) 
10 yrs followup Effect diminishes vvith age 
F wider optimum size range 
' 
Barrett-Connor, USA (Pooling 12381 M; 40-64y Inconsistent relationship between overweight 
1985 Project) 5-10 yrs followup andCHD 
Mustet al, USA (Harvard) 508; 13-18y Overweight M. tCHD mortality 
1992 
Willett et al, USA (Nurses 115886F; 30-55y tBMI, tCHD 
1995 Study) 14 yrs followup 
Seidell et al, Netherlands 48247; 30-54y Obese M&F, tCHD mortality 
I 1996 12yrs followup 
I· Jousilahti et al, Finland 16113; 30-69y Obesity, tcHD mortality 
1996 15 yrs followup Independent risk factor in M (!!Qt in F) 
Stevens et al, USA(Cancer 62116M tBMI, tcvo mortality 
1998 Society) 262019F Effect diminishes with age 
12yrs followup 
Burke etal, Australia 3500 tBMI, tcvo mortality in M 
1998 (Busselton) 12yrsfollowup tBMI, not tcvo mortality in F 
Calle et al, USA(Cancer 457785M, tBMI, t CVD mortality 
1999 Society) S88369F 
14 yrs followup 
Bennett et al, Hawaii: M Death rates 3 times deaths than Japanese Min Hawaii 
1962 Polynesians 1949·1956 
Crews& Am Samoa: Death rates tcVD mortality in tmodernised (M) 
MacKeen, 1982 urban, rural 1962·1974 tcVD mortality in traditional (F) 
Crews, 1989 American 5866 t obesity secondary risk factor for CVD 
Samoa 6 yrs followup mortality via taP 
Aluli~ 1991 Hawaii 251 Obesity may be related to CVD deaths 
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TABLE A1.2 continued 
Authors Population Subjects & design Findings 
(N, age) 
MORBIDITY 
Hubert et al, USA 5209~ 28-62y Overweight, tCHD 
1983 (Framingham) 26 yrs followup 
Larsson et al, Sweden 192M~ 54y tWHR. tcvo 
1984 13 yrs followup 
Lapidus et al, Sweden 1462 F~ 38-60y 1'BMI predicted B:MI 
1984 12yrs followup WHR stronger predictor ofBMI 
Waaler, 1984 Norway 1,700,000 tobesity, tcvo (U shaped Curves) 
1 o yrs followup Effect diminishes with age 
F wider optimum size range 
Barrett-Connor, USA (Pooling 12381 M; 40-64y Inconsistent relationship between 
1985 Project) ~-1 0 yrs followup overweight & CHD 
Manson et al, USA (Nurses 115886F; 30-55y ta:MI, tCHD 
1990 Study) yrs followup 
Galanis et al, Japanese in 8006 M; 45-65y tB:MI at age 25, t risk of CHD 
1998 Hawaii 6 yrs followup 
Woo et al, 1998 Hong Kong 999M, 1033F; tBMI, -!-heart disease 
80y+ 
18 mths followu.2 
Footnotes: M (male); F (female); y (years)~ CHD (coronary heart disease); CVD (cardiovascular 
disease);WHR (waist/hip ratio); BP (blood pressure); MI (myocardial infarction). 
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TABLE A1.3: BMI and diabetes 
.Authors Population Subjects & design Findings 
(N, age) 
Lungrenet Sweden 1462 F~ 38-60 ta.MI, f diabetes 
al, 1989 12yrs followup to/ofat (skinfolds), t diabetes 
tWHR, t diabetes 
Colditz et al, USA 115886F; tBMI, t diabetes 
1990 (Nurses 30-55y 
Study) 8 yrs followup 
Seidell et al, Europe 437F tBMI, tinsulin 
1990 
Schmidt et Brazil 452 BMI higher in diabetics than non-diabetics 
al, 1992 WHR stronger predictor than B:Ml 
Spiegelman USA 1,551~ 15-79 tBMI, Thlood glucose 
et al, 1992 
McAnulty& NZ: 510; 39-90y tBMI, Thlood glucose 
Scragg, Caucasians 
1995 
Seidell et al, Europe 510M 1 tBMI tinsulin 
• 
1996 
Burke etal, Australia 3500 tBMI, tfasting & 1 hour blood giucose 
1998 (Busselton) 12yrs followup 
Prior et al, NZMaori 370M, 385 F tobesity, tdiabetes 
1966b 
Zimmettet Tuvalu 518 tBMI. tdiabetics (F only) 
al, 1977 (No significant difference in BMI in M) 
Prior et al, Tonga: 380M, 411F No urban/rural difference in diabetes 
1978 rural. urban 20-69y tBMI, t diabetes (urban F) 
Pawson& Samoa: 2219 tBMI, Thlood glucose (F only J12tM) 
Janes, 1981 urban, rural 
Zimmettet WSamoa: 683M, 806F Urban: tobesity, tdiabetes 
al, 1981 urban, rural 
Collins et al, WSamoa t obesity, tWHR, t diabetes 
1994 WHR stronger risk factor than obesity 
McAnulty& NZMaori 231; 39-90y BMI not associated with Thlood glucose 
Scragg, 
1995 
Zimmettet WSamoa 240 tBMI, tWHR. in those with diabetes 
al. 1996 
Mau et al. Hawaii 574 tBMI, tWHR. tfasting insulin 
1997 
Isoet al, Japan 874~40-59y tWHR, tHbAlc 
1991 
Tai et al, Taiwan 1873;40y+ taMI, t diabetes 
1992 
Hugheset Singapore 961; 30-69y tBMI, tWHR, twaist, tinsulin (WHR strongest) 
al 1997 
Footnotes: M (male); F (female); y (years); %fat (percent body fat); WHR. (waist/hip ratio); BMI 
(body mass index); HbAlc (haemoglobin Ale) .. 
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TABLE A1.4: BMI and lipids 
Authors Population Subjeds & design Findings 
(N, age) 
Seidell et al, Europe 437F fBMI, 1TG, 4-HDL 
1990 
Heitmann, Denmark 2987~ 35-65y taMI, 'to/ofat(BIA), 'tchol, LDL, TG, 4-HDL 
1992 tWHR, 'twaist, 'tchol, LDL, TG, 4-HDL 
Stevens et al, USA: 216M, 320F 1'BMI, 4-HDL 
1993 Caucasians 61-106y 1'BMI not t chol 
tWHR, t chol (controlled for BMI) 
McAnulty& New Zealand 510; 39-90y 1'BMI, 1'TG, t chol. 'tLDL, 4-HDL 
... Scragg. 199 5 Caucasians 
Seidell et al, Europe 510M taMI. 'tchol, trG -L-HDL 
1996 
Burke et al, Australia 3500 fBMI, trG -L-HDL 
1998 (Busselton) 12yis followup 1'BMI, t chol (M only) 
Hunter, 1962 Cook Is t chol in rural than urban 
Prior et al, Cook Is: 243 (urban tTG with modernisation 
1966b urban. rural 188 (rural) High uric acid in all groups 
NZMaori 370 (Maori) 'tweight, 'tgout, 'tchol, trG in Maori 
Prior et al, Cook Is 431 M, 419F 'theart disease in urban, despite khol 
1966c 
Prior et al, Tokelauans: 390M, 483 F ML, TG, J. HDL in NZ than Tokelau 
1974b Tokalau,NZ Children in NZ: tBMI, 'theight 
Hornick, American Samoans: lo-wer chol than Americans 
1979 Samoa t chol in urban than rural 
Zimmettet W Samoa: 683 M. 806F: CVD rates similar in urban/rural 
al, 1980a urban, rural t chol in rural than urban 
'tobesity, tTG, in urban than rural 
Egusaet at, Cook Is: 542M, 583 F; t obesity, 'tTG (M+F) 
19S4 urban 20-70y t obesity, t chol (M only) 
tobesity, -L-HDL (F only) 
Darlu et at, French 56 M, 88 F 'tweight, %fat (SF), khol, HDL in urban 
1984 Polynesia t chol with age 
urban. rural 1TG with age (F only) 
Pelletier & Samoans 1350M, Chol • well below Caucasians 
Horlick, 1986 1750F 'tchol in urban than rural (except W Samoa) 
'tTG, -L-HDL in urban than rural 
HDL - similar in M&F 
Sawata et at, Tonga 102 M; 35-79y Obesity not correl with chol 
1988 
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TABLE A1.4: continued 
Authors Population Subjects & design Fmdings 
(N, age) 
Galanis et WSamoa 43M fBMI, t waist, t cbol, J..HDL in 
al, 1995 1 Oy followup sedentary urban> active urban>rural 
'tBMI, J..HDL only 
'twaist, 'tcbol only 
McAnulty& NZMaori 231; 39-90y 'tBMI, J..HDL 
Scragg. NQt associated with 'tLDL 
1995 
Comstocket Japan& 705 M {Japan) US: heavier, higher o/afat (4 SF) & chol 
al, 1985 USA 834M(USA) HDLthesame 
Sawata et al, Japan 280M 'tobesity, 'tchol 
1988 
Iso et al, Japan 874 
1991 M~ 4Q..S9y 
Oharaetal, Japan& 7Q5 M (Japan) Higher BMI, 'Yafat, TG, LDL not HDL in US than 
1991 USA 834M(USA) Japanese 
'tBMI, 'to/afat (SF), .J..HDL (Jap, US) 
Hsu-Hage& Chinese in 547 Prevalence of o'weight/obesity 1/2 that of 
Wablqvist, Australia Australians, but relatively high WHR 
1993 chol, TG - same as Aust 
Folspm et al, China: 5789; 28-69y chol, LDL, TG - higher urban than rural 
1994 urban. rural HDL - higher urban F 
'tBMI, 'tcbol, TG, LDL, J..HDL 
'tWHR, 1'TG, J..HDL (F & M) 
tWHR, 'tchol, LDL (M only) 
Hughes et al, Singapore: 961; 3Q..69y BMI, waist, HDL - Malay & Chinese differ 
SBP, DBP, TG, LDL not different 1997 Indian, 
Malay, 
Chinese 
Footnotes: NZ (New Zealand); M (male); F (female); y (years); BMI (body mass index); TG 
(triglycerides); HDL (high density cholesterol); %fat (percent body fat); BIA (bioelectrical 
impedance); cbol (cholesterol); LDL (low density chol); WHR (waist/hip ratio); waist (waist 
circumference); CVD (cardiovascular disease); SF (skinfolds); Jap {Japan). . 
247 
Appendix 1 
TABLE A1.5: BMI and blood pressure 
Authors Population Subjects & design Fmdings 
(N, age) 
Hnffinans et Netherlands 78612M BMI not correlated with BP 
al, 1988 32 yrs followup 
Seidell et al, Europe 437F taMI, toBP 
1990 
Spiegelman USA 1551; 15-79 tBMI, taP 
et al, 1992 
Stevens et al, USA: 216M. 320F; taMI. tHT 
1993 Caucasians 61-106y tWHR. not 11rr (controlled for BMI) 
McAnulty& NZ 510; 39-90y tBMI, tSBP,toBP 
Scragg, 1995 Caucasians 
Seidell et al, Europe 510M taMI, toBP 
1996 
Burkeetal, Australia 3500 tBMI,tSBP,toBP 
1998 (Busselton) 12yrs followup 
Hunter, 1962 Cook Is: taP with t age 
urban. rural tHr in urban than rural M 
(tHI' in urban F, but not statistically significant) 
Prior et at, Cook Is: 243 (urban tHr with modernisation 
1966b urban. rural 188 (rural) 
NZMaori 370(Maori) 
Prior et al, Cook Is: taP, tHr in urban than rural 
1966c urban. rural taP with age in urban. .ru11 rural 
Prior etal, Tokelauans: 390M. 483 F tsBP, DBP in urban (NZ) compared to rural 
1974b Tokalau, (Tokelau) 
NZealand Children in NZ: tBMI, theight 
McGarvey& American 2284; 18-SOy Gradient of taP with modernisation 
Baker, 1979 Samoa to/ofat (SF), 1'BP 
(urban. 
rural), 
Hawaii 
Zimmet et al, Tuvalu 577; lOyt tBMI, 1'BP (F only) 
1980 
Zimmettet WSamoa: 683 M. 806F taP, tHr in urban than rural 
al, 1980a urban, rural taP, tHr with age for all groups 
Adiposity accounts for 1/2 Uiban/rural BP 
difference 
Pawson& W&Am 2219 BP with turbanisation 
Janes, 1981 Samoa: 
f urban, rural 
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TABLE A1.5: continued 
Authors Population Subjeds & design Findings 
(N, age) 
Finauetal, Tonga: 380M, 411 F~ 1'BMI. to/ofat (SF), tm in urban than rural 
1983 urban, rural 20-69y 
McGarvey& Samoans: 1350M, tSBP, toBP with age in all groups 
Schendel, W&Am 1750F ttriceps SF, tBP (not rural American Samoa) 
1986 Samoa, 1'BMI, tBP in F (not M) 
Hawaii, tBP with t modernisation 
California 
Taylor et at, Wallis Is tBMI in urban 
1987 1'BP, with age in urban 
Not sig taP with age in rural 
Sawata et al, Tonga 102M; 35-79y tobesity, tDBP 
1988 to/ofat (triceps + subscap SF), tSBP, DBP 
McAnulty& NZMaori 231; 39-90y taMI, tSBP, DBP 
Scragg, 1995 
Ueshimaet Japan: 887 M; 40-69y tBP, tatcohol rural than urban 
al, 1984 urban. rural tBP, tatcohol intake 
1'BMI, tBP in urban, not rural 
Comstocket Japan& 705 M (Japan) Japanese: higher DBP, taP with age 
al, 1985 USA 834M(USA) SBPthesame 
Sawata et al, Japan 280M t obesity, tDBP, SBP 
1988 
Iso et al, Japan 874 M; 40-59y 1'BMI,tSBP,DBP 
1991 tWHR. tSBP, DBP 
WHR: stronger, independent predictor than BMI 
Tai et al, Taiwan 1873~40y+ tBMI,tm 
1992 
Hsu-Hage& Chinese in 547 Prevalence of o'weight/obesity 1/2 that of 
Wahlqvist, Australia Australians, but relatively high WHR 
1993 M- lower HT than Aust M (F same) 
Folsom et al, China 5789; 28-69y BP, liT - highest rural M, urban F 
1994 taMI,tSBP 
tWHR, tSBP (F only) 
Hughes et al, Singapore: 961; 30-69y SBP, DBP, HT, not different between Malay & 
1997 Indian. Chinese 
Malay, 
Chinese 
Footnotes: NZ (New Zealand); M (male); F (female); y (years); BMI (body mass index:); BP (blood 
pressure); DBP (diastolic blood pressure); HT (hypertension); WHR (waist/hip ratio); SBP (systolic 
blood pressure); %fat (percent body fat); SF (skinfolds); subscap (subscapular skinfold). 
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APPENDIX2: 
APPENDIX 2.1: DEVELOPING THE BODY 
PERCEPTION INSTRUMENT 
TABLE A2.1: Index size, photo weight, photo width and estimated body mass 
index from initial series 
Photo number Index size Photo weight Photo width at wrists &timated BMI 
(mg) (mm) (WIH') 
1 60 205.0 13.5 7.6 
2 64 218.1 14.0 8.6 
3 68 227.1 15.0 9.7 
4 72 231.9 15.0 10.9 
5 76 244.8 15.5 12.1 
6 80 258.0 16.5 13.4 
7 84 I 264.4 17.5 14.8 
8 88 282.0 18.0 16.3 
9 92 289.7 18.5 17.8 
10 96 293.8 19.0 19.4 
11 100 315.3 20.5 21.0 
12 104 321.0 20.5 22.7 
13 108 340.9 22.0 24.5 
14 112 352.4 22.5 26.3 
15 116 372.7 24.0 28.3 
16 120 397.8 25.0 30.2 
17 124 415.8 26.5 32.3 
18 128 422.3 27.0 34.4 
19 132 459.0 29.0 36.6 
20 136 483.7 31.0 38.8 
21 138 486.8 31.0 40.0 
22 140 518.0 33.0 41.2 
23 142 522.8 33.0 42.3 
24 144 542.2 34.0 43.5 
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FIGURE A2.1a: Index size by photo width 
Photo width 
1011 ... 14> .. 
Index size 
FIGURE A2.1b: Index size by photo weight 
Photo vveight 
... 
.... 
.. 
- -Index size 
FIGURE A2.1c: Index size by estimated BMI 
Estimated BMI 
... ... 
Index: size 
Footnotes: Measures of a) width of photographic image at the wrists (photo width). 
b) weight of photographic image (photo weight). 
c) BMI of image calculated using the polynomial regression formula. plotted against the index: size of 
the images. Images were obtained using the VDT body perception system (Collins. 1987) 
251 
APPENDIX 2.2: BODY PERCEPTION SERIES 
FIGURE A2.2a: Body perception series for Australian female 
Footnotes: Images represent BMis of 15, 18.8, 22.5, 26.3, 30, 33.8, 
37.5, 41.3 and 45 kg/m2 from L toR, top to bottom 
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FIGURE A2.2b: Body perception series for Australian male 
Footnotes: Images represent BMls of 17.5, 21.3, 25, 28.8, 32.5, 36.3, 40, 
43.8 and 47.5 kg/m2 from L toR, top to bottom 
253 
FIGURE A2.3a: Body perception series for Pacific Island female 
Footnotes: Images represent BMis of 22.5, 26.3, 30, 33.8, 37.5, 
4 1.3, 45, 48.8 and 52 kg/m2 from L toR, top to bottom 
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FIGURE A2.3b: Body perception series for Pacific Island male 
Footnotes: Images represent BMis of 21.3, 25, 28.8, 32.5, 36.3, 40, 
43.8, 47.5 and 51.3 kg/m2 from L toR, top to bottom 
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FIGURE A2.4a: Body perception series for Chinese female 
__.,.-.. --~ ·~ ·-•w-w•-•••wooowoow_, ... •w·,- ·-.. --
_ _... _____ ... --·-·--
Footnotes: Images represent BMis of 15, 18.8, 22.5, 26.3, 30, 33.8, 
37.5, 41.3 and 45 kg/m2 from L toR, top to bottom 
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FIGURE A2.4b: Body perception series for Chinese male 
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APPENDIX3 
APPENDIX 3.1: 
SUI\IMARY OF BODY PERCEPTION STUDIES 
TABLE A3.1: Summary of body perception studies which include obese and 
normal weight subjects, grouped under method of measurement 
Author Country Subjects Weight of Findings 
numbo, sa, age subjects 
SOUI'Ce 
(other subjects in study) 
A. ESTIMATION OF BODY WIDTHS 
Moving callipo technique {MCT) 
Dillon. 1962 USA 7 F, 13M (21 -SO yr) Various Overestimate 
(21 ''patients") 
Schontz, 1963 USA 22F Various Overestimate 
20M Accurate 
UG students 
Slade & Britain 16 F (mean = 25 yr) Normal Accurate 
Russell, 1973 PGstudents 
(14 F anorexics) 
Crisp & Kalucy, Britain 6F Normal Overestimate 
1974 nurses/occupational therapists 
(6 F anorexics) 
Gameretal, Canada 16F (mean= 20.8 yr) Normal Overestimate· 
1976 16F (mean= 20.8 yr) Obese Overestimate 
(1 8 F anorexics 
16 F psychiatries) 
Button et al, Britain 16F (mean= 23 yr) Normal Overestimate 
1977 occupational therapy students 
(20 F anorexics) 
Fries, 1917 S-weden ~2 F (18- 26yr) Normal Accurate 
(38 F anorexics) 
Casper et al, USA 130 F (10- 40 yr) Normal Overestimate 
1979 school/community 
(79 F anorexics) 
BenTovimet Britain 11 F (mean= 44.9 yr) Normal Overestimate 
al, 1979 school students 
(8 F anorexics) 
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Table A3.1 tontinued 
Author Country Subjects Weight Fmdings 
MCTcJd 
Pearlson et al, USA 38 F (mean= 31 yr) Normal Overestimate 
1981 16M (mean= 30.9 yr) Normal Overestimate 
38 F (mean = 44.9 yr) Obese Overestimate 
38 F (mean = 34.9 yr) Obese Overestimate 
hospital staff (F>M) 
Norris, 1984 S Africa 12 F (mean= 16.4 yr) Normal Accurate 
hospital patients 
(1 2 F anorexics 
12 F bulimics) 
BenTovim& Britain 46 F (mean= 23.3 yr) Overestimate 
Crisp, 1984 nurses/medical students 
10 F (mean= 27.2 yr) Overestimate 
hospital staff 
(1 0 F anorexics) 
Willmuth et al, USA 20F Normal Overestimate 
1985 (20 F bulimics) 
Wingate& Britain 15 F (mean= 20.8 yr) Normal Underestimate 
Christie, 1978 community 
(15 F anorexics) 
Meerman, 1983 Germany 35 F (mean= 18.1 yr) Slight Overestimate 
ballet students normal 
(36 F anorexics) 
Whitehouse et Britain 20 F (mean= 25.4 yr) Normal Accurate 
at, 1986 medical/paramedical students 
(22 F bulimics) 
Gleghorn et al, USA 55 F (mean = 22.6 Yr) Normal ~light 
1987 UG students/community underestimate 
(55 F bulimics) 
Kreitler & Israel 40 F (mean= 29 yr) Various Overestimate 
Kreitler, 1988 40 M (mean = 29 yr) Overestimate 
(40 F, 40M, 13 yr 
40F, 40M, 5yr) 
Birtchnell et al, Britain 19 F (mean= 24.8 yr) Normal Overestimate 
1985 hospital staff, medical/ 
paramedical students 
(50 bulimics) 
Ruff & Barrios, USA 25 F (18- 26 yr) Normal Overestimate 
1986 UGstudents 
(20 F bulimics) 
Thompson et al, USA 30 F, 30M (18- 24yr) Normal Overestimate 
1986 UGstudents (F>M) 
Thompson et al, USA 34 F (18 • 24 yr) Normal Overestimate 
1987 UGstudents 
259 
Appendix 3 
Table A3.1 continued 
Author Country Subieds Weig_ht Findings 
MCTdd 
Birtchnell et al, Britain 50 F (mean= 22.4 yr) Normal Overestimate 
1987 medical/paramedical students 
Dolan etal, Britain 50 F (mean= 22.3 yr) Normal Overestimate 
1987 50 M (mean = 22.6 yr) Normal Overestimate 
hospital staff/students F>M 
Dolceetal, USA 34 F (18 - 35 yr) Nonnal Overestimate 
1987 UG students 
Gleghorn et al, USA 55 F (mean= 22.6 yr) Normal Over/under 
1987 UG students/community estimate 
(55 F bulimics) 
BenTovimet Australia 24 F (mean = 21.1 yr) Various Overestimate 
al, 1990 40 F (mean = 23 yr) 
38 F (mean= 23.3 yr) 
nurses/hospital staff/ 
medical students 
Hundleby& Canada 100 F (mean = 21 yr) Various Overestimate 
Bourgouin, UG students 
1993 
Lautenbacher et Germany 41 F (mean= 23.7 yr) Normal Overestimate 
al, 1993 UG students 
Image marking method (lMM) 
Thomas& Canada 200 F (mean= 27.6 yr) Various Overestimate 
Freeman, 1988 UG students 
Lautenbacher et Germany 41 F (mean= 23.7 yr) Normal Overestimate 
al, 1993 
Valtolina, 1998 Italy 60 F (25-50 yr) Obese Underestimate 
60 F (25-50 yr) Normal Overestimate 
B. ESTIMA.TION OF WHOLE BODY SIZE 
Distorting mirror 
Orbach et al, USA 32M (19 - 38 yr) Normal Accurate 
1966 UGstudents 
Shipman et al, USA 20 F (20 - 45 yr) Normal Accurate 
1967 37 F (20 - 45 yr) Obese Overestimate 
Huon & Brown, Australia 10 F (mean = 17 yr) Normal Over/under 
1986 10 F (mean = 22 yr) Normal estimate 
UG/school students 
(1 0 F anorexics 
10 F bulimics) 
Brodie et al, Britain 29 F (mean = 22 yr) Normal Overestimate 
1989 UG students 
Brodie et al, Britain 30 F (mean= 20.9 yr) Normal Overestimate 
1991 30M (mean = 21 yr) 
UG students 
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Table A3.1 continued 
Author Country Subjects Weight Findings 
Graded photographs and silhouettes 
Schonbuch& USA 20M Normal Accurate 
Schell, 1967 20M Obese Overestimate 
(10 photos) UG students 
Counts& USA 12 F (mean= 22.1 yr) Normal Accurate 
Adams, 1985 UG students 
(7 silhouettes) (11 bulimics 
12 dieters 
12 restrained eaters) 
Bell et al, 1986 USA 8 F (mean= 17.7 yr) Normal Accurate 
8 F (mean= 17.7 yr) Obese Underestimate 
(8 F anorexics) 
Mossavar- USA 174 F (20-70yr) Tall, Overestimate ( esp 
Rahmani et al, Hospital staff, multiethnic slight Caucasians) 
1996 Underestimate ( esp 
Short, Afro-Caribbean) 
heavy 
Leonard& USA 98 F (18 -75 yr) ObeseF Underestimate 
Barry, 1998 74 M (18 - 73 yr) NormalF Variable 
Community ObeseM Underestimate 
NormalM More accurate 
Distorting photo technique (DPT) 
Glucksman& USA 3 M, 1 F (39-57 yr) Normal Underestimate 
Hirsh, 1969 3 M, 3 F (20-36 yr) Obese Overestimate 
Gamer et al, Canada 16 F (mean= 20.8 yr) Normal Underestimate 
1976 16 F (mean= 20.8 yr) Obese Accurate 
(18 F anorexics 
16 Fpsychiatric) 
Garfinkel et al, Canada 16 F (mean= 21.8 yr) Normal Underestimate 
1978 (26 F anorexics) 
Speaker et al, USA 18M (mean= 12.7 yr) Obese Accurate 
1983 school students 
Gleghorn et al, USA 55 F (mean= 22.6yr) Normal Accurate 
1987 UG students/community 
(55 F bulimics) 
Video distortion technique (VD T) 
Meerman, 1983 Germany 35 F (mean= 18.1 yr) Slight Underestimate 
(36 F anorexics) normal 
Collins et al, Australia 68 F (mean= 40.8 yr) Obese Overestimate 
1983 
Touyz et al, Australia 15 F (mean= 20.8 yr) Normal Over/under estimate 
1984 clinic E!!!,ents 
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Table AJ.l continued 
-Aut hoi' Country Subjects Weight Findings 
VDTctd 
Freeman et at, Canada 15 F Normal Accurate 
1984 (19 F anorexics 
27 F bulimics 
9 Fpsychiatric) 
Freeman et al, Canada 33 F (mean= 21.6 yr) Normal Overestimate 
1985 University students 
(17 F anorexics 
47 F bulimics) 
Whitehouse et Britain 20 F (mean= 25.4 yr) Normal Underestimate 
at. 1986 medical/paramedical students 
(22 F bulimics) 
Huon & Brown. Australia 10 F (mean= 17 yr) Normal Over/under 
1986 10 F (mean= 22 yr) Normal estimate 
UG/school students 
(1 0 F anorexics 
10 F bulimica) 
Collins, 1987 Australia SO F UG students Normal Accurate 
60F Obese Overestimate 
(25 F anorexics) 
Collins et at, Australia 60 F UG students Normal Accurate 
1987 150F Obese Overestimate 
(18 F anorexics 
24 F bulimics) 
Whitehouse et Britain 20 F (mean= 25.4 yr) Normal Underestimate 
al, 1988 (12 F anorexica) 
Lindholm& USA 12 F (mean= 20.4 yr) Normal Underestimate 
Wilson, 1988 (12 F bulimics 
12 F restrained eaters) 
Brodie et al, Britain 29 F (mean= 22 yr) Normal Overestimate 
1989 UG students 
Gardner et al, USA lOF Normal Underestimate 
1989 10M Normal Underestimate 
lOF Obese Accurate 
10M Obese Accurate 
university/community 
Lautenbacher et Germany 41 F (mean= 23.7 yr) Normal Accurate 
al, 1993 
Footnotes: a) Number of subjects-, age or age range. 
b) Sex of subjects: F (female)~ M (male). 
c) Source or description of subjects: UG (undergraduate)~ PG (postgraduate)~ anorexics (subjects with 
anorexia nervosa)~ psychiatries (psychiatric patients)~ school (school age students)~ community 
(subjects selected from various sectors in the community)~ bulimics (subjects with bulimia nervosa); 
dieters (subjects who were currently dieting)~ restrainer eaters (subjects identified as restrained eaters 
using the Eating Attitude Test questionnaire). 
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APPENDIX 3.2: 
BODY PERCEPTION QUESTIONNAIRE 
Here are two series of photographs- one female, one male - showing a range ofbody 
sizes. each has a number on the top left-hand comer. Please use these numbers when 
answering the following questions. 
1. Which body size (own sex) would you like to have? 
2. Which body size (own sex) do you feel is most healthy? 
3. Which body size (own sex) do you feel is most attractive? 
4. Which body size (opposite sex) do you feel is most healthy? 
5. Which body size (opposite sex) do you fuel is most attractive? 
6. Which body size (own sex) best approximates your own body size? 
7. Please indicate which photographs belong in the following categories: 
a) Female, overweight 
b) Female, acceptable weight 
c) Female, underweight 
d)~e,overweight 
e) Male, acceptable weight 
f) Male, underweight 
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FIGURE A4.3: Resistance by BMI in males matched for age and weight 
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FIGURE A4.4: Reactance by Bl\U in males matched for age and weight 
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APPENDIX 6.1: MEASURE:MENT PROTOCOLS, 
INFORMATION FOR PARTICIPANTS, STUDY 
PROPOSALS 
1. SKINFOLD METHODOWGY, MEASUREMENT OF W AJST AND HIPS 
A. SKINFOLDS 
Four skinfolds are measured, using the technique described by Durnin and 
Womersley (1974) supplemented with Norton et al (1994). An measurements are 
taken on the right side of the body. 
Biceps and triceps 
Biceps: Taken over the mid-acromiale-radiale line on the most anterior aspect of arm 
Triceps: Taken over the posterior mid-acromiale-radiale line of the arm. 
Acromiale: the point at the superior and lateral border of the acromion process. 
Radiale: the point at the upper and lateral border of the head of the radius. 
Mid-acromiale-radiale: the point equidistant from the acromiale and radiale. 
Preferably located with a tape measure and marked. 
The s1cin is raised vertically with the left thumb and index finger on the mark. 
Subscapular: located just inferior and slightly lateral to the apex of the scapula and 
taken at about 45 degrees running downward toward the side of the body. 
Supra-iliac:- immediately above the iliac crest in the mid-axillary line. The skin is 
raised vertically. 
B. W AJST AND HIPS 
Waist: the narrowest diameter between the n'bs and iliac crest. 
Hip: the maximum diameter around the buttocks. 
REFERENCES 
Durnin & Womersley. Br J Nutr 1974; 32: 77-97. 
Norton et al In: Anthropometry and anthropometric profiling. Norton KI, Olds TS. 
( eds}. Nolds Sports Scientific, Sy4n_ey, 1994: 3-32. 
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2. PROTOCOL FOR THE USE OF THE SEAC SFB3 BIOELECI'RICAL 
IMPEDANCE ANALYZER 
Subject preparation · 
Prior to testing, the subject should not have 
• had anything to eat or drink for 4 hours 
• consumed alcohol for 24 hours 
• exercised excessively for 12 hours 
and should 
• remove all jewellery 
• lie down on a non-metal surface for 5 but not more than 10 minutes 
NB Do not use on subje'*s with cardiac pace makers or autodefibrillators 
Electrode placement 
1. Clean all skin contact areas with alcohol 
2. Cut electrodes in half lengthways 
3. Place electrodes on dorsal surfaces of the hands and feet with connection 
tab facing ourwards 
4. Attach crocodile clips as indicated: 
• at distal metacarpels (black) 
• between distal prominences of the radius and the ulna (blue) 
• at distal metatarsels (red) 
• between medial and lateral malleoli at the ankle (white) 
5. Do not re--use electrodes 
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PROTOCOL FOR BIA continued 
Recording data 
1. As directed in SFB3 manual, page 9 
2. Transfer to PC 
3. Keep record of data transfer and corresponding file name 
RECOMMENDED TO ENSURE CORRECf WORKING OF THE SFB3 
Calibration 
• Calibrate prior to commencing data collection (SFB3 manual, page 8) 
• Send calibration .files to PC (SFB3 manual, page 6) 
• Store a copy of the cah"bration files on a floppy disc together with the date of 
cahoration, each time calibrated, for future reference as needed 
• Calibrate regularly ( eg every two weeks) 
Recoding data 
• Ensure electrode leads do not lie adjacent to each other for long distances (>20 
em) to avoid electronic 'noise" 
Transfer of data 
• Ensure regular transfer of data to PC (every 5 - 10 subjects) 
• Analyze regularly (every transfer batch or two) to ensure "clean" data 
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3. LE'ITER OF INVITATION FOR AUSTRALIAN SAMPLE 
Dear 
Metabolism and Obesity Services in the Department ofEndocrinology is conducting a 
survey ofbody composition and perception of preferred body size among Central 
Sydney Health Area staff during 1997. You are invited to take part. 
The study is non-invasive and involves measurement only. The attached sheet describes 
what is involved in the study. If you agree to participate, the study will be arranged at a 
time convenient to you. A copy of the results of the tests will be given to you, together 
. with the recommended standards for your age and sex. If your results exceed these 
standards, and you chose to, you' will be offered the opportunity to participate in a 
weight loss program. · 
You will be contacted by telephone within the next fortnight. If you would like further 
information, please ring extension 59774 and ask for Pippa, or leave your name and a 
contact number, and your call will be returned. 
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4. STUDY INFORMATION FOR PARTICIPANTS 
RESEARCH STUDY INTO SOCIO-CULTURAL ASPECI'S OF OBESITY 
INFORMATIONFORPARTICU~ 
You are invited to take part in a research study into Socio-cultural Aspects of Obesity. 
The objective is to demonstrate the diversity ofbody size perception and percent body 
fat across different human body types, and therefore the inappropriateness or 
appropriateness of standard definitions of obesity across all types. Although there is no 
direct benefit to you, there are no risks, discomfort or side effects. You will be 
informed of the level of your percent body .filt. 
The study is being conducted by Ms Pippa Craig, Research Student in the Department 
ofEndocrinology of the Royal Prince Alfred Hospital, and Professor Ian Caterson, 
Boden Professor of Human Nutrition. 
If you agree to participate in this study, the following will be involved: 
1. Measurement of weight, heiglit, sitting height, and four circumferences 
2. Measurement ofbody fat (usiD.g a bioelectrical impedance analyser) and four 
skinfolds ( skinfold callipers) 
3: Measurement of two bone widths (bone callipers) 
4. A short questionnaire on body size preferences 
Bioelectrical impedance: A very small current is passed between electrodes on the right 
hand and foot. There is no discomfort. Subjects are asked to have nothing to eat or 
drink for four hours prior to the test. 
Skinfolds: A double skinfold and the fat below the skin are lifted by the thumb and 
forefinger and then measured with skinfold callipers. The sites for the skinfold 
measurements are the upper arm, the back and just above the hip bone. 
Bone widths: The width of the elbow and the knee are measured with bone callipers. 
The whole procedure will take about 10-15 minutes. 
All aspect of the study, including the results, will be strictly confidential and only the 
investigators named above will have access to information on participants. A report of 
the study will be submitted for publication, but individual participants will not be 
identifiable in such a report. 
When you have read this information, Ms Craig will discuss it with you further and 
answer any questions you may have. If you would like to know more at any stage, 
please feel free to contact Ms Craig, Research Student, tel: 9515-9770. This 
information sheet is for you to keep. 
This study has been approved by the Ethics Review Committee of the Central Sydney 
Health Area Health Service. Any person with concerns or complaints about the 
conduct a research study can contact the Secretary of the Ethics Review Committee of 
the Central Sydney Health Area SeiVice on (02) 9515-6766. 
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5. INFORMATION FOR PARTICIPANTS FOR DXA STUDY 
RESEARCH STUDY INTO SOCIO-CULTURAL ASPECTS OF OBESITY: 
BODY CO:MPOSIDON ANALYSIS 
BY DUAL ENERGY X-RAY ABSORYTIOMETRY (DXA) 
INFORMATION FOR PARTICIPANTS 
You are invited to take part in a research study into Socio-cultural Aspects of Obesity: 
Body Composition by Dual Energy X-ray Absotptiometry (DXA). The objective is to 
validate percent body fat measurements taken by bioelectrical impedance analysis and 
skinfolds. DXA also measures total body bone and lean tissue. Although there is no 
direct benefit to the participant you will be infonned of the level of your percent body 
bone, lean tissue and fat. 
The study is being conducted by Ms Pippa Craig, Research Student in the Department 
ofEndocrinology of the Royal Prince Alfred Hospital, and Professor Ian Caterson, 
Boden Professor ofHuman Nutrition. 
If you agree to participate in this Study, you will be asked to submit to a total body 
scan. This will take a maxinmm of one hour. A radiation dose of 1 microSievert is 
required. This is equivalent to approximately 12 hours ofbackground radiation or 1/50 
of a chest X-ray. 
All aspect of the study, including the results, will be strictly confidential and only the 
investigators named above will have access to information on participants. A report of 
the study will be submitted for publication, but individual participants will not be 
identifiable in such a report. 
When you have read this information, Ms Craig will discuss it with you further and 
answer any questions you may have. If you would like to know more at any stage, 
please feel free to contact Ms Craig, Research Student, tel: 9515-9771. This 
information sheet is for you to keep. 
This study has been approved by the Ethics Review Committee of the Central Sydney 
Health Area Health Service. Any person with concerns or complaints about the 
conduct a research study can contact the Secretary of the Ethics Review Connnittee of 
the Central SydneyHeahhArea Service on (02) 9515-6766 
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6. PROPOSAL FOR A CROSS-CULTURAL STUDY IN BODY 
COMPOSIDON AND BODY PERCEPTION IN SINGAPORE 
Appendix 6 
In the past, extensive anthropological studies of physical characteristics stressed the 
variation between populations. These probably over-emphasised differences, and have 
been criticised as measurement for measurement's sake1. 
In more recent years, there has been a recognition of a worldwide growth of non-
communicable diseases, and efforts to identify the relative risks of :factors implicated in 
their causation. Obesity has been named as one risk filctor, and the message is quite 
simply that those over a certain size, usually expressed in terms of body mass index 
(BMI), are at risk of developing these diseases. The healthy weight ranges, based 
largely on western data, imply that populations conform to fairly simiJar ranges of 
acceptable BMI, despite obvious variability of body sizes and proportions across 
cultural groups. Although it has been shown that BMI strongly correlates with body 
fat, the strength of this correlation must vary as the proportion of skeletal and muscle 
. size varies. The appropriateness of these simi1ar BMI standards across different 
populations has been questioned. 'In a recent national nutrition survey in Tonga, it was 
suggested that the moderately o\rerweight category for Caucasians might be normal 
weight for Tongans2. Also, it is possible that a BMI of 20 - 22 kg/m2 constitutes the 
healthiest weight range for Indians3; and a range of 17 - 23 kg/m2 may be best suited to 
Australian Aborigines4• 
PREVIOUS STUDIES 
In a study of body perception conducted in an Australian sample, women 
overestimated their body size and wanted to be slimmer, regardless of whether or not 
they were overweight. On the other hand, only overweight men were dissatisfied/ The 
"ideal" BMI for men was 24 kg/m2 and 22 kg/~ for women5• 
Another study has been completed in a representative sample of Polynesian adults in 
the Cook Islands. Polynesians have a muscular build, are naturally heavier than 
Caucasians, and have traditionally regarded large body size as attractive and 
prestigious. While the older women and men still preferred larger body sizes, younger 
women appeared to accept western norms of a slim body size. The average preferred 
•).deal" BMis were 27 kg/~ for men and 24 kg/m2 for women. But using Australian 
recommended healthy weight ranges of between 20 - 2S kg/m2, 81% men and 76% 
women were overweight or obese6. Body composition analysis, using bioelectrical 
impedance (BIA), showed consistently lower percentage body fat in the Polynesians 
for the same BMI when compared with a group of Caucasians. Based on these 
findings, it does indeed appear that if percent body fat is considered a major risk factor 
for the non-communicable diseases currently increasing in the Pacific islands, the 
healthy weight range should be raised to 30 for the Polynesian populations7. 
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PROPOSAL FOR STUDY IN SINGAPORE continued 
PROPOSED STUDY 
The purpose of the study is the investigation of body perception and body composition 
in a group of adults with a slight body build. 
Methods 
Subjects will be chosen as a representative sample of the Singaporean population. Each 
subject will be weighed and measured, and their BMI calculated. They will then be 
presented with the two series of photographs, one male and one female, representing a 
range of BMis, and asked to select the photograph best representing their own body 
size, their preferred body size, and the ideal healthy and attractive body sizes for both 
males and females. These chosen sizes will be compared with their measured body 
sizes. 
In addition, bioelectrical impedance (BIA) measurements will be taken. Bioelectrical 
,impedance analysis is a quick, non-invasive method of measuring total body water, 
which is then used to calculate ·percent body fat with a 2 M 3 % error. the only 
requirement is a four hour fast prior to the analysis. A small sample of subjects will 
also be asked to submit to a dual energy Xray analysis (DXA) to validate body 
composition analysis using BIA. Comparison with a representative Australian sample 
will allow calculations based on relative percent body fat, in the same way as was 
conducted with the Cook Island data. 
REFERENCES 
1. Howells WW. Measurement and analysis in anthropology. In: Whitlam DK ( ed). 
Handbook of measurement and assessment in behavioural sciences. Addison-
Wesley Publishing Co, Reading, 1968: 393-417. 
2. Maclean E, Bach F, Badcock J. The 1986 National Nutrition Survey of the 
Kingdom of Tonga: Summary Report. Technical Paper No. 200. Noumea: South 
Pacific Commission, 1992. 
3. Singh RB, N'taZ MA, Sultan A, Ghosh S. Randomised controlled trial of low 
energy diet in decreasing central obesity and associated disturbances. Proceedings 
of:XV International Congress ofNutrition. Smith-Gordon, Adelaide, 1993. 
4. O'DeaK 
5. Craig PL, Caterson ID. Weight and perceptions of body image of women and men 
in a Sydney sample. Community Health Studies 1990; 14: 373-83. 
6. Craig PL, Swinbum BA, Matenga-Smith T, Matangi H Body size perceptions and 
preferences in Cook Island Maori and Australians. In preparation. 
7. Swinbum BA, Craig PL, Daniel R, Strauss B. Body mass index in Pacific Islanders: 
are CUlTent definitions for obesity appropriate? In preparation. 
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7. PROPOSAL FOR A STUDY OF BODY PERCEPI'ION AND PERCENT 
BODY FAT IN TONGANS 
In recent years, there has been a recognition of a world-wide growth in the prevalence 
of non-cornnmnicable diseases, and efforts to identify their cause. Obesity has been 
named as one risk-factor, and healthy weight ranges, using body mass index (B:MI = 
weightlheight2) as an indicator of body fat, have been developed based largely on 
western data. However, there is obvious variability in body sizes across cultural 
groups. Although BMI strongly correlates with body fat, the strength of this 
correlation must vary as a proportion of skeletal and muscle size. While Polynesians 
have a heavy muscular build, Asians have a lower B:MI but higher percent body fat 
than do Caucasians1• The appropriateness of siniilar B:MI standards across different 
populations has been questioned. The overweight category for Caucasians might be 
normal weight for Tongans2; while it is possible that a lower BMI constitutes the 
healthiest weight range for Asians1• At the same time, the body size preferences of 
different cultural groups may or may not coincide with the healthy weight ranges. 
Previous studies 
In a study conducted in an Australian sample, women overestimated their body size 
and wanted to be slimmer, regardless of whether or not they were overweight by 
medical standards. On the other hand, only overweight men were dissatisfied. The 
'ideal' BMI for men was 24 and 22 for women3• 
Another study has been completed in a sample of Polynesian adults from the Cook 
Islands4, where large body size has been traditionally regarded as attractive and 
prestigious. The average preferred 'ideal' BMis were higher than for Australians (27 
and 24 for men and women respectively); but while older women and men still 
preferred larger body sizes, younger women appeared to accept western norms of a 
slim body size. Using Australian recommended healthy weight ranges, 81% and 76% 
of the Cook Island men and women respectively were overweight and obese. 
However, body composition analysis, using bioelectrical impedance, suggested the 
Cook Island Maori had higher lean body mass for the same BMI, when compared with 
a group ofCaucasians5• 
PROPOSED STUDY 
The purpose of this study is the investigation of body size, body perception and body 
composition in Tongan adults, a population with large muscle and skeletal size. 
Although the healthy weight range for use in the Pacific Islands has been raised to 27, 
and the overweight category to 32, it is not known how these standards relate to actual 
body fat levels. The National Nutrition Survey of Tonga showed that 39.1 percent of 
women and 10.0 percent of men were obese, using these standards6• It is believed that 
Tongans see obesity as beautifuf, and a way of showing them what their actual body 
size is, and suggesting a goal, would be a useful educational tool 
274 
Appendix 6 
PROPOSAL FOR STUDY IN TONGA continued 
Sample 
The sample will include adults, between 20 and 70 years of age, from two populations. 
(i) A sample from Tongan residents of Sydney. 
(ii) A sample of 500 selected widely from the population in the Kingdom of 
Tonga, so as to fairly representative of the population. 
' The Tongan swvey will be conducted jointly between the Food and Nutrition 
Committee, Central Planning Department, and Department of Endocrinology, Royal 
Prince Alfred Hospital, and in conjunction with the progress swvey of the Tongan 
Healthy Weight Loss competition. 
Procedure 
All subjects will be weighed and measured, and their BMI calculated. Waist and hip 
circumferences will also be measured, and waist to hip ratio calculated . 
. Subjects will be presented with two series of photographs, one male and one female, 
representing a range of BMis, and asked to select the photograph best representing 
I 
their own body size, their preferred body size, and the ideal healthy and attractive 
body sizes for both females and males. Chosen sizes will be compared with the 
measured body sizes, and results will indicate how the subjects see themselves, what 
size they would like to be, and what sizes are considered ideal body sizes for men and 
women. 
Triceps and biceps, subscapular and suprailiac skinfolds will be taken to calculate 
total body fat and fat distribution. Sum of skinfolds is a frequently used field method 
for estimation of body fat. 
Bioelectrical impedance will be measured on all subjects. This is a quick, non-
invasive, inexpensive and reliable technique for estimating body fat, suited to field 
studies8• Subjects have preferably fasted for four hours prior to the measurement. 
A random sub sample of subjects from the Sydney sample will be asked to submit to a 
total body dual energy x-ray absorptiometry (DEXA) analysis, as a validation 
measure of percent body fat. The DEXA allows measurement of fat mass which is 
superior to anthropometric techniques9, but not feasible for general use in field studies. 
The radiation dose is negligible, being equivalent to approximately 12 hours of 
background radiation or 1/50 of a chest x-ray. 
Comparison of the three techniques for estimating body composition will allow 
questions to be answered concerning the applicability of equations developed in 
Caucasian populations to a population with larger bone and muscle size. 
All required equipment - measuring tape, skinfold and bone callipers, bioelectrical 
impedance analyser - are available. Arrangements have been made to use the DEXA at 
the Department of Nuclear Medicine, Royal Prince Alfred Hospital, and this proposal 
has been approved by the hospital Radiation Safety Committee. 
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PROPOSAL FOR STUDY IN TONGA continued 
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APPENDIX 6.2: 
ASSESSMENT OF AGREEMENT BETWEEN 
REPEAT MEASUREMENTS TAKEN WITH BIA 
TABLE A6.2 -1: Mean difference, paired t-tests and limits of agreement 
statistics for repeatability using BIA: immediate repeat measures on 49 Tongan 
subjects 
Measured Mean 95%CI R t value Range Slope of difference 
item difference for Pm!an (significance) on mean 
(ohms) (significance) 
. impedance 0.4 0.5. 1.3 0.999 0.94 -1.5 to 15.2 -0.011 
(p = 0.35) (p = 0.07) 
resistance 0.6 1.4. 0.2 ' 0.999 1.49 -3.2 to 15.0 -0.008 
(p = 0.14) (p = 0.18) 
reactance <0.1 -0.4, 0.4 0.992 0.08 -4.1 to 5.1 0.021 
!.e = 0.9!). (p= 0.2~ 
FIGURE A6.2 - 1: Scatterplot of difference between immediate BJA test-retest 
measurements of impedance against mean of the two measurements, showing 
limits of agreement 
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.UGURE A6.2 - 2: Scatterplot of difference between immediate BIA test-retest 
measurements· of resistance against mean of the two measurements, showing 
limits of agreement 
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FIGURE A6.2 - 3: Scatterplot of difference between immediate BIA test-retest 
measurements of reactance against mean of the two measurements, showing 
limits of agreement 
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TABLE A6.2 - 2: Mean difference, paired t-tests and limits of agreement 
statistics for repeatability using BIA: intermediate repeat measures on 24 
Australian subjects (mean = 33 days) 
Measured Mean 95% Cl R tvalue Range Slope of difference 
item difference for mean (significance) on mean 
(ohms) (significance) 
FFM(kg) -0.09 0.7. 0.5 0.992 0.30 -3.0 to 2.7 0.057 
(p = 0.76) (p = 0.05) 
resistance -3.46 -14.3, 7.4 0.948 0.66 -67.3 to -0.031 
(ohms) (p = 0.52) 43.7 (p = 0.66) 
reactance 1.14 3.7, 1.470 0.72 0.93 -9.3 to 20.4 -0.105 
(ohms) (p = 0.36) (p = 0.55) 
FIGURE A6.2 - 4: Scatterplo't of difference between intermediate BIA test-retest 
measurements of FFM (mean = 33 days) against mean of the two measurement, 
showing limits of agreement 
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FIGURE A6.2 - 5: Scatterplot of difference between intermediate BIA test-retest 
measurements of resistance (mean = 33 days) against mean of the two 
measurement, showing limits of agreement 
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FIGURE A6.2 - 6: Scatterplot of difference between intermediate BIA test-retest 
measurements of reactance (mean = 33 days) against mean of the two 
measurements, showing limits of agreement 
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APPENDIX 6.3: 
ASSESS:MENT OF AGREEMENT BETWEEN BIMJ AND 
SFB3 BIA: FIGURES 
FIGURE A6.3 - 1: Scatterplot of difference between BIM3 and SFBJ 
measurements of resistance against mean of the two measurements, showing 
limits of agreement (n = 42) 
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FIGURE A6.3 - 2: Scatterplot of difference between BIM3 and SFB3 
measurements of reactance against mean of the two measurements, showing 
limits of agreement (n = 42) 
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APPENDIX 6.4 
ASSESSMENT OF AGREEMENT BETWEEN 
LUNAR AND HOLOGIC DXA MEASURE:MENTS: 
FIGURES 
FIGURE A6.4 -1: Scatterplot of difference between Hologic and Lunar DXA 
measurements of FFM against mean of the two measurements, showing limits of 
agreement (n = 10) 
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2. Linear regression equation: Mean FFM = 2. 76 (Dift'erence in FFM) + 43.95 
Significance of slope = 0.42 
Mean difference between instruments= 1.2kg (SD = 1.0), p = 0.004 using paired t-test 
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JITGURE A6.4 - 2: Scatterplot of difference between Hologic and Lunar DXA 
measurements of fat against mean of the two measurements, showing limits of 
agreement (n = 10) 
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FIGURE A6.4 - 3: Scatterplot of difference between Hologic and Lunar DXA 
measurements of %fat against mean of the two measurements, showing limits of 
agreement (n = 10) 
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APPENDIX 6.5 
STATISTICAL TESTS OF LINEARITY, 
HOMOGENEITY AND NORMALITY FOR THE 
EQUATIONS DEVELOPED FOR THE PREDICTION OF 
FFM IN TONGANS 
(DEPENDENT VARIABLE= FFM BY DXA) 
TONGAN FEMALES (n = 28) 
FIGURE A6.5 - 1: Histogram of regression standardized residuals 
Frequency 
Regression standardized residual 
Footoote: Residuals nonnaly distributed 
FIGURE A6.5 - 2: Cumulative probability of regression standardized residual: 
observed against expected cumulative percent 
Expected cumulative % 
.2 ... .II .8 1.0 
Observed cumulative ~. 
Foot note: Points lie along the diagonal, therefore residuals normally distributed 
284 
Aeeendix 6 
FIGURE A6.5 - 3: Scatterplot of regression standardized residual against 
regression standardized predicted value 
Regression standardized residual 
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Footnote: No pattern evident,confirming linearity and homogeneity 
FIGURE A6.5 - 4: Partial residual plot of H2/R against dependent variable 
FFMbyDXA 
r-
"' ~ 
, 
0< 
~ L ·· 
-31 -10 
• 
0 • 
• 
. . . 
• 0 
0 
• • 
~. 
10 
Heigbt squared/resistance 
• 
2D 
FIGURE A6.5 - 5: Partial residual plot of weight against dependent variable 
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TONGAN MALES(n = 28) 
FIGURE A6.5 - 6: Histogram of regression standardized residuals 
Frequency 
Regression standardized residual 
Footnote: Residuals normaly distributed 
Ae_eendix 6 
FIGURE A6.5 - 7: Cumulative probability of regression standardized residual: 
observed against expected cumulative percent 
Expected cumulative % 
Observed cumulative •;. 
Foot note: Points lie along the diagonal, therefore residuals normally distributed 
FIGURE A6.5 - 8: Scatterplot of regression standardized residual against 
regression standardized predicted value 
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FIGURE A6.5 - 9: Partial residual plot of H2/R against dependent variable 
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FIGURE A6.5 -10: Partial residual plot of weight against dependent variable 
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FIGURE A6.5- 11: Partial residual plot of age against dependent variable 
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APPENDIX 6.6 
STATISTICAL TESTS OF LINEARITY, 
HOMOGENEITY AND NORMALITY FOR THE 
EQUATIONS DEVELOPED FOR THE PREDICTION OF 
FFM WITH BIA IN AUSTRALIANS 
AUSTRALIAN FEMALES(n =50) 
FIGURE A6.6 - 1: Histogram of regression standardized residuals 
Frequency 
Regression standardized residual 
Footnote: Residuals normaly distributed 
FIGURE A6.6 - 2: Cumulative probability of regression standardized residual: 
observed against expected cumulative percent 
Expected cumulative ~. 
Q~~------,---------,---------~--------r-------~ M 2 A ~ J W 
Observed cumulative % 
Foot note: Points lie along the diagonal, therefore residuals normally distributed 
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UGURE A6.6 - 3: Scatterplot of regression standardized residual against 
regression standardized predicted value 
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UGURE A6.6- 4: Partial residual plot of H2/R against dependent variable 
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UGURE A6.6 - 5: Partial residual plot of weight against dependent variable 
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FIGURE A6.6 - 6: Partial residual plot of reactance against dependent 
variable 
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FIGURE A6.6 - 7: Partial residual plot of height against dependent variable 
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AUSTRALIAN MALES(n = 44) 
FIGURE A6.6 - 8: Histogram of regression standardized residuals 
Frequency 
Regression standardized residual 
Footnote: Residuals normaly distributed 
FIGURE A6.6 - 9: Cumulative probability of regression standardized 
residual: observed against expected cumulative percent 
Expected cumulative ~. 
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Foot note: Points lie along the diagonal. therefore residuals normally distributed 
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FIGURE A6.6 - 10: Scatterplot of regression standardized residual against 
regression standardized predicted value 
Regression standardized residual 
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Footnote: No pattern evident.confirming linearity and homogeneity 
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FIGURE A6.6 -11: Partial residual plot ofH2/R against dependent variable 
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FIGURE A6.6 - 12: Partial residual plot of weight against dependent variable 
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FIGURE A6.6 - 13: Partial residual plot of reactance against dependent 
variable 
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STATISTICAL TESTS OF LINEARITY, 
HOMOGENEITY AND 
Ae.eendix 6 
NORMALITY FOR THE EQUATIONS DEVELOPED 
FOR THE PREDICTION OF FFM WITH BIA IN 
CHINESE 
CHINESE FEMALES(n = 26) 
FIGURE A6. 7- 1: Histogram of regression standardized residuals 
Frequency 
Regression standardized residual 
Footnote: Residuals normaly distributed 
FIGURE A6.7- 2: Cumulative probability of regression standardized 
residual: observed against expected cumulative percent 
Expected cumulative -;. 
Observed cumulative •;. 
Foot note: Points lie along the diagonal, therefore residuals normally distributed 
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FIGURE A6. 7 - 3: Scatterplot of regression standardized residual against 
regression standardized predicted value 
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FIGURE A6.7- 4: Partial residual plot ofH2/R against dependent variable 
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FIGURE A6. 7 - 5: Partial residual plot of weight against dependent variable 
FFMbyDXA 
.. 
• 
. 
3 
2o 
1o 
0 
• ~ 0 
-~ 
~ 
·10 
0 
. 
Weight 
. 
0 c 0 0 
0 10 :II) 
294 
Appendix 6 
FIGURE A6.7- 6: Partial residual plot of age against dependent variable 
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CHINESE MALES(n = 18) 
FIGURE A6. 7 - 7: Histogram of regression standardized residuals 
Frequency 
Regression standardized residual 
Footnote: Residuals normaly distributed 
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FIGURE A6. 7 - 8: Cumulative probability of regression standardized residual: 
observed against expected cumulative percent 
Expected cumulative % 
• 0 • 
Observed cumulative •;. 
Foot note: Points lie along the diagonal, therefore residuals normally distributed 
FIGURE A6. 7 - 9: Scatterplot of regression standardized residual against 
regression standardized predicted value 
Regression standardized residual 
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Footnote: No pattern evident,confirming linearity and homogeneity 
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FIGURE A6.7 -10: Partial residual plot ofH2/R against dependent variable 
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FIGURE A6.7 -11: Partial residual plot of weight against dependent variable 
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FIGURE A6. 7 - 12: Partial residual plot of age against dependent variable 
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APPENDIX 6.8 
APPLICATION OF SPECIFIC ETHNIC GROUPS 
EQUATIONS AND COMMON REGRESSION 
EQUATION TO TONGAN, AUSTRALIAN AND 
CHINESE FEMALES AND MALES 
Equation A6.8: Common equation for calculation FFM for all ethnic groups 
FFM = 0.413218 {lf!R) + 0.216347 (H)+ 0.154675 (W)- 0.062334 (Y) + 
6.498481 (S)- 2.795655 (E)- 15.439056 
where R = resistance in ohms. 
W = weight in kg 
S = weighting factor for sex (F=O; M= 1) 
Y = age in years 
H =height in em 
R2 = 0.97; SEE= 2.64 
E = ethnic group_ (Tongan= 1, Australian= 2, Singaporean Chinese= 3) 
FFM = fut free mass 
TABLE A6.8: Mean FFM calculated from ethnic specific formulae and common 
formula applied to each ethnic group 
Sample Tongan Australian Chinese Common 
equation equation equation equation 
mean FFM (SE) mean FFM (SE) mean FFM (SE) mean FFM (SE) 
(!valuel (! valuel (!valuel (!valuel 
Female 
Tongans 52.2 (0.4) 50.4 (0.4)*** 44.7 (0.4)*** 55.7 (0.4)*** 
(21.92) (82.47) (50.46) 
Australians 42.9 (0.3)*** 41.7 (0.3) 36.2 (0.3)*** 43.7 (0.4)*** 
(14.90) (61.96) (32.19) 
Chinese 38.9 (0.4)*** 36.8 (0.4)*** 31.7 (0.3) 35.5 (0.4)*** 
(70.16) (40.00) (27.29) 
Male 
Tongans 70.2 (0.5) 72.4 (0.7)*** 63.1 (1.9)*** 67.1 (0.5)*** 
(10.15) (9.32) (21.80) 
Australians 62.2 (0.5)*** 61.2 (0.6) 54.7 (0.5)*** 56.4(0.5)*** 
(5.07) (36.17) (27.32) 
Chinese 55.8 (0.9)*** 54.8 (1.0)*** 47.4 (0.9) 47.4 (0.8) 
~37.0Q (26.96l (0.17) 
Footnote: ••• p < 0.001 using paired t-tests, compared with ethnic specific equation values. 
298 
APPENDIX7 
APPENDIX 7.1: DISTRIBUTION OF FFM 
FORTONGANSU&ffiCTSFOREACHSE~ 
AND PRESENTED IN DECILES 
FIGURE A7.1a: Distribution ofFFM for female Tongans 
Number 
FFM 
Mean = 52.2; median = 51.5; skewness = 0.44 
FIGURE A 7.1 b: Distribution of FFM for male Tongans 
Number 
FFM 
• o.w•e.10 
- ·10..2 D 1 1N• 231.00 
Mean = 70.2; median = 70.1; skewness = 0.17 
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APPENDIX 7.2: DISTRIBUTION OF FFM FOR 
AUSTRALLANSUBJECTSFOREACHSE~ 
AND PRESENTED IN DECILES 
FIGURE A7.2a: Distribution ofFFM for female Australians 
Number 
FFM 
Mean= 41.7; median = 41.4; skewness = 0.14 
FIGURE A 7.2 b: Distribution of FFM for male Australians 
Number 
FFM 
Mean = 61.2; median = 60.7; skewness = 0.74 
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APPENDIX 7.3: DISTRIBUTION OF FFM 
FOR CHINESE SUBJECTS FOR EACH SEX, 
AND PRESENTED IN DECILES 
FIGURE A 7 .3a: Distribution of FFM for female Chinese 
Number 
FFM 
Mean = 32.2; median= 32.3; skewness= 0 .. 20 
FIGURE A 7.3 b: Distribution of FFM for male Chinese 
Number 
FFM 
Mean= 47. 7; median = 46.4; skewness= 0.19 
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APPENDIX 7.4: REGRESSION OF VARIOUS 
COMPONENTS OF BODY 
CO:MPOSITION ON BMI FOR THE DIF...,..,.,....,'F,......,'ERENT 
ETHNIC GROUPS 
Tongan male: BMI = 0.37 (FFM) + 3.89 
BMI = 0.46 (fat)+ 19.39 
BMI = 0.61 (%fat)+ 15.36 
BMI = 29.40 (logto%fat)- 10.19 
Tongan female: BMI = 0.78 (FFM) + 15.52 
BMI = 0.46 (fat)+ 19.39 
BMI = 0.82 (%fat)- 0.62 
BMI = 69.02 (logtoo/ofat)- 77.92 
Australian male: BMI = 0.20 (FFM) + 14.11 
BMI = 0.38 (fat)+ 18.55 
BMI = 0.35 (%fat)+ 17.74 
BMI = 16.90 (log10%fat) + 3.34 
Australian female: BMI = 0.64 (FFM)- 1.09 
BMI = 0.47 (fat)+ 13.38 
BMI = 0.65 (%fat) + 1.37 
BMI = 52.37 (log10%fat)- 56.20 
Chinese male: BMI = 0.30 (FFM) +9. 78 
BMI = 0.40 (fat)+ 15.45 
BMI= 0.27 (%fat)+ 15.78 
BMI = 16.67 (log10%fat) - 0.49 
Chinese female: BMI = 0.67 (FFM) + 1.37 
BMI = 0.45 (fat)+ 12.10 
BMI = 0.42 (%fat)+ 5.20 
BMI = 43.32 (logtoo/ofat)- 47.55 
R2 = 0.45, SEE = 3.33 
R2 = 0.82, SEE = 1.92 
R2 = 0.63, SEE= 2. 75 
R2 = 0.56, SEE= 3.00 
R2 = 0.67, SEE= 3.46 
R2 = 0.88, SEE = 2.12 
R2 = 0. 70, SEE = 3.26 
R2 = 0.66, SEE= 3:48 
R2 = 0.19, SEE= 3.52 
R2 = 0.74, SEE= 1.98 
R2 = 0.51, SEE= 2.75 
R2 = 0.46, SEE = 2. 88 
R2 = 0.39, SEE= 4.21 
R2 = 0.93, SEE= 1.47 
R2 = 0.82, SEE = 2.28 
R2 = 0. 75, SEE = 2.69 
R2 = 0.38, SEE= 2.57 
R2 = 0.65, SEE= 1.93 
R2 = 0.29, SEE = 2.76 
R2 = 0.27, SEE= 2. 78 
R2 = 0.48, SEE= 2.61 
R2 = 0.76, SEE= 1.76 
R2 = 0.46, SEE= 2.67 
R2 = 0.45, SEE = 2.69 
1. Fat (kg) was the most highly correlated with BMI of all the constituents. 
2. Since the relationship between %fat and BMI is reportedly curvilinear, the 
logarithm of%filt was taken and regressed on BMI. As there was no improvement 
in the relationship between the variable~ the direct regression of o/ofat on BMI was 
used for an calculations. 
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APPENDIX 7.5:95% CONFIDENCE ELLIPSES 
FIGURE A7.5: 95% confidence ellipses by BMI 
Females BMI20 - 25 kg/m2 Females BMI 25 - 30 kg/m2 
:l I 50 ~ ., I o tSD 30 
:t :r 0 Tongan 0 Tongan A Singaporean A Singaporean Australian ~ Australian 
0 0 
2liO 300 350 ~ 450 2liO 300 350 ~ 450 
RIH(ohm/m) RIH(ohm/m) 
Males BMI 20- 25 kg/m2 Males BMI 25-30 kg/m2 
50 50 
., : ~ ~-~  30 r';· 0 f._/ 
20 :r 0 Tongan 0 Tongan A Singaporean 10 A Singaporean 
~ Australian Australian 
0 0 
200 2liO 300 350 200 2liO 300 3150 
"'H (ohm/m) RIH(ohm/m) 
When grouped by BMI, the Tongan population remains clearly separated 
from the Australian and Singaporean populations. 
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